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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 AH 2 meeting [1], it was agreed that

•      For downlink preemption indication
·  It is transmitted using a group common DCI in PDCCH
   •      FFS: This group common DCI is transmitted separately from SFI
                    •      Whether a UE needs to monitor preemption indication is configured by RRC signaling
                    •      The granularity of preemption indication in time domain can be configured 
                                  •      Details of granularity are FFS

In RAN1 90 meeting [2], it was agreed that

· 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

and

· For DL CBG-based (re)transmission,
· Following information can be separately configured to be included in the same DCI:
· Which CBG(s) is/are (re)transmitted.
· Which CBG(s) is/are handled differently for soft-buffer/HARQ combining.
· FFS: whether/how UE behavior is specified, e.g., part/whole of soft-buffer of indicated CBG(s) is flushed
· For the purpose of further discussion, we conclude following:
· For the following discussion on CBG-based retransmission, define the terms CBGTI and CBGFI as below. 
· CBGTI (CBG transmission information) means information on which CBG(s) is/are (re)transmitted and, 
· CBGFI (CBG flushing out information) means information on which CBG(s) is/are handled differently for soft-buffer/HARQ combining
· At least following is supported for DL CBG-based (re)transmission.
· A DCI includes both CBGTI and CBGFI.
· For single CW case, when N is the maximum number of CBGs configured by RRC
· N bits for CBGTI, and the other 1 bit for CBGFI
· FFS: whether re-interpret NDI as CBGFI
· FFS: whether CBGTI is re-interpreted as NDI 
· FFS: whether jointly using other field as CBGTI or CBGFI
· FFS on multiple CW case.
In this contribution, we discuss details on configuration and design of pre-emption indication and UE monitoring behaviors.
[bookmark: _Ref129681832]Configuration of Pre-emption Indication 
It has been agreed that RRC signaling configures eMBB UEs to monitor pre-emption indication (PI).  In addition to notifying an eMBB UE that it needs to monitor pre-emption indication, parameters related to configuration of pre-emption indication need to be signaled to the UE semi-statically so that UE can monitor and decode the content of the PI successfully. Possible parameters include:
a) Configuration of PI reference region in time/frequency domain.
b) Configuration of time/frequency granularity 
c) Format of bitmap indicating the preempted resources within the PI reference region
d) Control resource set (CORESET) where the PI can be monitored
e) Monitoring periodicity of PI
f) RNTI information of the PDCCH containing the PI
Configuration of PI reference region
Configuration of PI downlink reference resource includes the location and size in time and frequency which is indicated to the UEs.  The reference resource region may consist of K RBs in frequency within the carrier BW and L symbols in time within the monitoring periodicity of the PI for a given numerology. The region can be partitioned based on configured granularities, i.e, x symbols in time and y RBs in frequency. In Fig. 1, we show an example configuration of pre-emption region where K = 16 RBs in frequency and L = 8 symbols in time define the size of the region at a given location and given numerology 15 kHz. If configured granularities are x = 2 symbols and y = 8 RBs for 15 kHz, then there are two frequency partitions and four time partitions configured within the reference pre-emption region.  Note that depending on the carrier BW, frequency range of reference region may not span the whole carrier BW. For example, URLLC packet of 32 bytes scheduled with MCS 1/3, QPSK and 2 symbols in 15 kHz require approximately 5 MHz BW. 
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Figure 1: The PI downlink reference resource has N frequency partitions and M time partitions, total MN partitions. Granularity in time or size of a partition in time is x symbols and granularity in frequency or size of partition in frequency is y RBs. 

Proposal 1: Semi-static configuration of a PI downlink reference resource includes 
· location, e.g., starting position in time/frequency and 
· size, i.e., frequency range in RBs and time duration in symbols for a given numerology
· Note: Frequency range and time duration of the region can be equal or less than carrier BW and monitoring periodicity of PI, respectively. 
Configuration of time/frequency granularity
Time granularity of x symbols and frequency granularity of y RBs used for content of the pre-emption indication, for a given numerology have been agreed. It was further agreed in RAN1 90 meeting that time and frequency granularity can be configured and time/frequency granularities of pre-emption indication should take into account the payload size of the group common DCI carrying the pre-emption indication. Considering the limited payload size of PI, when adopting coarse time granularity, frequency granularity can be fine, or when adopting fine time granularity, frequency granularity should be coarse. So the granularity of time and frequency of PI should be considered together. If the time domain granularity is fixed, the payload size will be large/small when the time duration of reference DL resource is large/small. Thus the overhead of PI may be large and multiple DCI formats are needed to meet so many different payload sizes of PI. For a given payload of DCI, network may configure a set of values for x and y for a given numerology, and one pair {x,y} is indicated to the UEs.
Observation 1: Allowing all combinations of time domain granularities and time duration of reference DL resource would introduce excessive PI payload size as well as large number of DCI formats of PI.
Proposal 2: Granularity of time and frequency of PI need to be considered together.
· For flexibility, a set of time and frequency granularities can be configured for a given payload of DCI carrying PI and one pair of time and frequency granularities is indicated.
Furthermore, frequency domain granularity less than BW of reference region are useful. As we show in Fig. 2, 80% of the time, BW occupancy of a URLLC packet can be 5MHz or less. Simulation parameters are provided in Appendix. Of course, cell edge UE may require more BW than a cell center UE, but catering for the extreme case, e.g., frequency granularity spanning whole BW of reference region, would cause a lot of eMBB transmissions to be impacted, even though they may not be pre-empted at all. Hence, for moderate to large BW of reference region, frequency granularity less than the BW of reference region can be configured.
                              [image: cid:image002.png@01D326F7.E2EA9B80]
                              Figure 2: CDF of BW occupancy (in RBs) of a URLLC packet. 

Observation 2: Frequency granularity spanning whole frequency range of reference region may cause significant eMBB performance loss.

Using bitmap to indicate pre-empted resources within the PI region
Due to the sporadic nature of URLLC traffic, multiple preemption events can happen over the duration of the reference PI region, cf. Section 3 for more details. In order to indicate those multiple preemption events within the PI region, a simple bitmap based method can be employed. An example of bitmap indication in a PI is illustrated in the Fig. 3. In the example, reference region has four time partitions and four frequency partitions, i.e. overall 16 resource units. A 16-bit bitmap can be used to indicate the pre-emption status in the 16 resource units. For example, if ‘1’ in the bitmap means impacted by preemption and ‘0’ means no impact, then resources #2, #3 and resources #11, #12 are impacted by preemption, the 2nd, 3rd, 11th and 12th bits of the bitmap is flipped to ‘1’s. All other bits are ‘0’s. 
. 

 
Figure 3 Bitmap can be used to indicate impacted resources within PI region/reference resource.
Proposal 3: Bitmap in the PI is supported to indicate pre-empted resources within the whole reference region.
In view of the partitions in Fig. 1 and the bitmap grids in Fig. 3, the following observations can be obtained: 
Observation 3: If size and location of reference region and number of time/frequency partitions within the region is known for a given numerology, time/frequency granularity can be implicitly obtained from configuration of reference region and number of time/frequency partitions configured for a given payload of PI.
Observation 4: If location of reference region, time/frequency granularity and number of time/frequency partitions within the region is known for a given numerology, size of the region can be implicitly obtained from granularity and number of partitions configured.

Scalable time-frequency granularity across numerologies
A certain reference PI region can be addressed by a PI of a given payload, for all numerologies coexisting in the carrier. Within the reference region, transmissions with different numerologies may coexist. As can be seen from Figs. 1 and 3, 2 by 4 and 4 by 4 bitmap can be used to indicate 8 partitions and 16 partitions/resource units, respectively, configured within the reference region, and this can be common across the numerologies. This also ensures same payload for PI used for different numerologies, i.e., same DCI format can be used across all numerologies. Scalable time and frequency granularities facilitate this.

Configuration of PI monitoring switch based on UE BW part
In RAN1 adhoc #2, it is agreed that whether a UE needs to monitor preemption indication is configured by RRC signaling [1]. This RRC signaling can be one of the properties of a UE’s bandwidth part. It has been agreed that a UE can be configured with multiple BW parts, where one configured BW part may have different frequency location than the other. For example, a UE is configured with two BW parts, and BW part 1 overlaps with the configured reference pre-emption region whereas BW part 2 does not. To this end, RRC configuration of BW part 1 may turn on indication monitoring for the UE and the UE starts monitoring after PDSCH in the BW part 1 is received. Note that it was agreed in RAN1 88 that a DL transmission can be partially pre-empted by another DL transmission, hence UE may start monitoring after it receives PDSCH assignment.  In Fig. 4, the UE monitors PI in interval 2 and/or 3. 

[image: ]
Figure 4: If a single BW part is active at a given time, the UE monitors PI within the active BW part after PDSCH is assigned. 

Proposal 4: The PI monitoring switch is configured by the network per UE’s BWP.
Re-configuration of pre-emption parameters
It has been agreed that a downlink reference resource for PI is semi-statically configured. Furthermore, time/frequency granularity of the downlink reference resource can be pre-configured as well. Hence, number and size of time-frequency partitions within the reference resource is pre-set. As URLLC traffic is sporadic and arrival pattern is quite random, in some occasions pre-configured parameters may not either reliability capture pre-emption events or cause a lot of eMBB transmissions to be impacted even though they might not have been pre-empted in reality. As can be seen in Fig. 5, BW occupancy of a URLLC packet can vary dynamically and more often may not span a very large bandwidth, e.g., more than 10MHz BW. If a large frequency granularity is configured, it may cause several eMBB transmissions to be impacted even if the URLLC packet occupies a small BW.  In other words, if a large reference resource is configured, then for low arrival rates, some parts of the resource may be barely impacted and pre-configured parameters may not efficiently capture pre-emption events.   In Fig. 5, we show an example where a configured granularity and reference resource configuration may cause, in some cases, some eMBB transmission to fail decoding, as PI would falsely indicate that significant part of the transmission is pre-empted.  Hence, it needs further study, how to best utilize the payload size of the DCI format of PI, whether any parameters can be dynamically indicated.
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Figure 5:  For the first duration, eMBB UE identifies that part of it’s transmission was pre-empted based on the status of each partition indicated by the PI, but in reality, it was not pre-empted at all. 1 indicates a partition is pre-empted, 0 means not pre-empted. 
Discussion on Payload Size and granularity of the PI
As discussed above, pre-emption indication can include a bitmap to provide the status of pre-emption in the configured partitions within the reference pre-emption region. For example, with respect to Fig. 1, a bitmap of payload MN bits, where M = 4 time partitions and N = 2 frequency partitions, is needed to indicate pre-emption status in each of the partitions. Of course, values of M and N are constrained by the payload of the DCI format configured for PI. 
In order to reduce the amount of blind detections, the amount of DCI formats for PI should be limited. NR can strive for 1 or at most 2 possible payload sizes of PI. In that case, the possible combinations of time domain granularity, frequency domain granularity, time duration of reference DL resource and frequency range of reference DL resource shall be suitable for 1 payload size. The table below provides a simple example illustrating the possible combinations and corresponding payload sizes. 
Table 1 Possible combinations with 2 payload sizes
	Combination index
	Time duration
	Time granularity
	Frequency range
	Frequency granularity
	Needed bit
	Payload size

	1
	7-OS
	1-OS
	15RB
	5RB
	21
	21

	2
	14-OS
	2-OS
	15RB
	5RB
	21
	21

	3
	4-slot
	1-slot
	15RB
	3RB
	20
	21

	4
	2-slot
	1-slot
	20RB
	2RB
	20
	21


· It is noted that when time granularity is small, frequency domain granularity is coarse; while when time granularity is large, frequency domain granularity is fine. This is because for slot-based URLLC, smaller amount of frequency resource is allocated than that for non-slot based URLLC.
· From table 1, it can be noted that the differences in payload size is actually very small. There are some ways to have a unified payload size as well. For example, zero-padding can be applied for index 3~4 in Table 1 resulting in a 21-bit payload size. In this example, all combinations share the same payload size, saving UE’s blind detection attempts while achieving the property of configurable time/frequency domain granularity.
Proposal 5: For a K-bit PI, M times N-bit bitmap can be configured for the PI to indicate pre-emption events within a PI reference region which has M time partitions and N frequency partitions.
· Note: M and N are chosen such that K ≥ M times N applies.
· A set of values and combinations of M and N can be configured for a given payload of PI.

Below, we discuss two options of content design of PI to indicate pre-emption events within the reference region.
a) Bitmap to address the whole reference resource
b) Indicate a time partition within the reference resource, use bitmap to indicate pre-emption events within the indicated time partition
As one example, we assume that the payload size of PI for both options are the same, 16 bits, for fair comparison. Time domain of reference region spans four slots, each slot having 14 symbols. Frequency domain has 20 RBs. In Figure 6, the two options for PI content design are considered. In Option (a), the 16 payload bits are used to indicate a bitmap that addresses the whole reference resource. In Option (b), the payload bits consist of two fields: A first field indicates a time partition, and a second field indicates a bitmap within the indicated time partition. Here, it is assumed that the second time partition is indicated, within which a bitmap is used to indicate pre-emption events. In the example at hand, 2 bits are used to indicate one slot out of four, and then 14 bits are used to indicate pre-emption status within the indicated slot, e.g., via a 2 by 7 bitmap. For Option (a), 16 bits are used for a 2 by 8 bitmap to indicate 16 partitions. Hence, time granularity in Option (a) is larger than that considered in Option (b) when the preemption events are restricted to happen within one slot only. Note that, Option (b) cannot address multiple pre-emption events, which is a concern especially for higher arrival rates and with larger monitoring periodicities. Note that any other variation of Option (b), such as indicating contiguous group of symbols within the slot instead of using a bitmap, would suffer from similar issues. On the other hand, Option (a) may have larger time granularity but this can be outweighed by the fact that Option (a) is more flexible, and can account for multiple pre-emption events, which for longer monitoring periodicities, can be more useful, as discussed in more detail below.
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Figure 6: Option (a) Payload bits consist of time-frequency bitmap of whole region, Option (b) Payload bits consist of two fields: First field indicate a time partition, and second field indicate bitmap within the indicated time partition. Here, it is assumed that second time partition is indicated, within which bitmap is used to provide pre-emption events. 
Note that, the likelihood of multiple preemption events happening within a PI reference region depends on the time duration of the PI reference region. If the time duration of the PI region is long, say, 4 slots of 15kHz SCS, the likelihood of preemption events happening over multiple of slots is higher than that of just 2 slots. We provide simulation results to observe how many preemption events would happen within the PI region. In the simulation, there are 10 URLLC UEs following a Posson arrival pattern, and packet for each UE arrives once every 10ms on average. We assume that PI is sent every 2 or 4 slots, and duration of the reference DL resource in time is 2 or 4 slots as well. As shown in Fig. 7, for 85.4% of time, the number of slots over 4 slots where URLLC traffic would occur is more than one. The number of slots over 4 slots where URLLC traffic would occur is equal to one is just 12.7%. For 2 slot case, for 40% of time, the number of slots over 2 slots where URLLC traffic would occur is more than one. In our simulation, there is no retransmission or repetition. If we consider HARQ or repetition which are needed for URLLC to meet 99.999% reliability within 1ms, a larger number of slots will be preempted by URLLC traffic if PI’s reference DL resource is spanning across multiple slots. Thus, when the reference DL resource of PI is spanning over multiple of slots, it is likely that more than one slot are preempted.
 (
Time duration of reference DL resource:
) 
Figure 7 Number of preemption events within DL reference resource
Observation 5: Preemption indication needs to indicate multiple preemption events over multiple slots when the DL reference resource spans multiple slots.
In order for Option (b) to indicate multiple preemption events over multiple slots, then multiple PIs are needed, which is shown in Fig.8. As 2 PIs are sent, then the actual resources used by these 2 PIs are larger than Option (a). In addition, more blind detection numbers of PI and more overhead of CRC in multiple group common DCIs carrying PIs are needed.


Figure 8 Multiple preemption events may happen in reference DL resource
Location of Group-common DCI for Pre-emption Indication
If URLLC and eMBB scheduling intervals are the same, no pre-emption is necessary. For the discussion below, it is assumed that URLLC scheduling interval is shorter than eMBB scheduling interval and hence, pre-emption information can be conveyed to the eMBB UE(s), if configured. 
Indication location(s) during eMBB scheduling interval can include
1-1   At every URLLC scheduling interval or a pre-emption event
1-2   At the end of eMBB scheduling interval
Indication location(s) after eMBB scheduling interval can include
2-1 At the beginning of next eMBB scheduling interval 
2-2    In a later sub-sequent eMBB scheduling interval
As eMBB UEs are not latency constrained, minimum eMBB scheduling interval can be one slot, at least for sub-6 GHz which is the band considered for URLLC services in R15.  However, the scheduling interval mentioned above can be different for different eMBB UEs. As group-common indication is monitored by a group of UEs, the configured location of indication may be monitored during transmission for some eMBB UEs and some eMBB UEs may monitor the indication after impacted transmission. Hence, the location of indication may not be specified with respect to a scheduling interval which can be different for different UEs.
Observation 6: Monitoring of pre-emption indication at symbol-level granularity would cause excessive UE blind decoding and increase UE power consumption and complexity.
Rather, group-common indication in a CORESET can be configured to be received every K slots for a given numerology. For example, if the group-common PDCCH is sent every K slots, it may contain indication related to the pre-empted/impacted areas of transmissions over a group of symbols/slots that appeared before the location that contains the indication. It is important that indication is provided promptly so that eMBB UE(s) could remove the unwanted data from buffer and decode the TB only considering the relevant data. Considering UE complexity and decoding performance of an impacted transmission, eMBB UEs may monitor pre-emption indication in one occasion every slot. The CORESET and associated search space for monitoring PI can be located either at the beginning or end of a slot and there can be one monitoring occasion at most per slot. The search space of PI may or may not be used for other type of control information. 
Monitoring interval of X ms can be configured, where X ms is common across all numerologies. X ms consists of L >= 1 slots for f0 = 15kHz and  2N * L slots for f = 2N * 15kHz. Hence, the monitoring interval in terms of number of slots is scalable across numerologies. For a given TBS, eMBB transmission may use one slot for 15kHz whereas it may comprise aggregated slots in larger sub-carrier spacing. A common monitoring interval (in ms) can be maintained even if a UE switches numerology. In Fig.9, PI monitoring periodicity in a CORESET is the same in ms across all numerologies and 1 slot, 2 slots, and 4 slots for 15kHz, 30kHz, and 60kHz, respectively. X = 0.5ms can be chosen for a slot comprising 7 symbols.
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Figure 9: Monitoring interval can be M slots for a given numerology. A common monitoring interval in X ms can be configured across numerologies, which corresponds to an interval that is scalable in number of slots as function of the numerologies. M = {1, 2, 4} is shown here for {15, 30, 60} kHz.
Proposal 6: Monitoring periodicity of PI in a CORESET can be M slots, where the value of M depends on numerology.
· M = L>= 1  slots for f0 = 15kHz and  M = 2N * L slots for f = 2N * 15kHz.
· FFS value of L
UE Behavior on Monitoring PI
An eMBB UE may monitor one or multiple indications to obtain pre-emption information corresponding to an impacted transmission. Different eMBB UEs can be scheduled with different lengths. In particular, as TB mapping spanning multiple slots is agreed, eMBB UEs can also be scheduled in a slot aggregated manner. As different eMBB UEs can start transmission at different slots and can have different lengths, monitoring interval may need to be carefully configured such that a UE with shorter scheduling duration than other UEs does not have to wait long which may otherwise make indication not being useful a) for decoding of the impacted transmission and/or b) for any subsequent transmission scheduled immediately after the impacted transmission. Hence, there is a trade-off how often group pre-emption indication can be monitored. In Fig 10, we show an example of a coexistence region where eMBB UEs 1, 2, 3 are scheduled with 2 slots, 4 slots, and 1 slot, respectively. Considering the fact that pre-emption indication should be provided promptly, group indication can be configured to be sent every slot. Here, the example considers sending a group indication in a slot that contains pre-emption information of previous slot. eMBB UE 2 monitors four indications in four slots where eMBB UE 3 only monitors one indication. 
                                              [image: ]
Figure 10: Depending on the length of eMBB transmission duration, a UE may monitor multiple common pre-emption indication.
Similarly, a UE may monitor one or multiple indications in frequency. If the carrier BW is large and/or UE BW is limited, carrier BW can be divided into multiple sub-bands and for each sub-band, a pre-emption indication can be provided, i.e., frequency domain scope of an indication may refer to a portion of a carrier BW. Depending on scheduling assignment for the UE, the UE may monitor one or multiple indications in a given monitoring occasion, cf. Fig. 11.
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Figure 11: If carrier BW is large, one indication can be sent corresponding to a part of carrier BW. 
In the figure, there are two sub-bands configured and one pre-emption indication provides pre-emption information for each sub-band. eMBB UE 1 is scheduled spanning both sub-bands whereas eMBB UE 2 is scheduled within one sub-band only. eMBB UE 1 monitors both PIs whereas eMBB UE 2 monitors only one PI.  
Observation 7: Depending on the scope (i.e., the duration in time and range in frequency of the region addressed by PI) of an indication and scheduling assignment, a UE can monitor multiple indications with respect to an impacted transmission. 
If UE BW capability is limited, the current active BW part may or may not have a common search space. In other words, PI may need to be monitored in a different BW part than the one actually pre-empted. UE may be configured with a hopping pattern to switch to a BW part to monitor PI. In Fig.12, UE1, UE2, UE3 have a common search space configured in their active BW parts, whereas UE4 has not. UE4’s transmission is pre-empted in BW part 1 and PI is monitored in BW part 2 in later time. 
            [image: ]
Figure 12: UE may switch to a BW part which contains common search space in order to monitor PI. A hopping/time pattern can be configured for a UE.  
Structure of Group-indication
Different structures can be conceived for designing group-common indication. The group-indication can have UE-specific fields or it can contain common information that is read by the group of UEs. However, the payload size of group indication having UE specific fields can be larger than the case when indication contains a common field. Similar to the case with UE specific indication, same pre-emption information may have to be repeated over a number of UE dedicated fields which can be inefficient. While the actual number or size of group PDCCHs to be supported in NR is still not decided, nonetheless we believe designing a low overhead indication is desirable at this point. Furthermore, group common DCI carrying PI may also notify time-frequency information of a number of pre-emption events. However, number of pre-emption events may vary dynamically and configuring content based on that may not be suitable of low overhead and fixed payload is a concern. 
UE Behavior Based on PI
Downlink RS/control handling when receiver PI
In NR, downlink RS including DMRS and CSI-RS, and downlink control channels are important for all UEs. When URLLC transmission is scheduled, it can always avoid preempting the front-loaded control channel and DMRS from eMBB UEs by scheduling. So avoiding other UEs’ DMRS might be considered as an implementation issue when scheduling URLLC. For some eMBB UEs, however, additional DMRS may be transmitted for better channel estimation performance. Scheduling the URLLC UE to avoiding both DMRS and additional DMRS may be costly as the remaining scheduling opportunity for URLLC is limited. In addition, only a part of users needs additional DMRS. Considering the fact that eMBB UE can decode data without additional DMRS, preempting additional DMRS may be acceptable. If additional DMRS can be preempted, eMBB UE can determine whether the additional DMRS is preempted based on pre-emption indication.
Observation 8: Additional DMRS can be notified to be preempted by preemption indication.
NR needs to decide whether the CSI-RS can be preempted by URLLC. In LTE, gNB could use RRC to configure the pattern of CSI-RS to UEs which do not need to receive CSI-RS to avoid the confliction with CSI-RS. Thus, if CSI-RS is configured not to be preempted, URLLC users can get the CSI-RS pattern by RRC. Furthermore, the CSI-RS information can be delivered to URLLC users via a dynamic signaling, for example via the scheduling DCI of URLLC traffic. The overhead of dynamic signaling would be against the principle of compact URLLC DCI and, in consequence, possibly damaging the reliability of URLLC DCI.
If CSI-RS is configured to be able to be preempted, eMBB should know whether the CSI-RS is preempted to avoid using URLLC data to generate CSI information. Pre-emption indication in common DCI is useful to indicate this information. eMBB UE can identify whether the CSI-RS is preempted via pre-emption indication.
As discussed above, considering the number of symbols carrying RS patterns may not be small, the scheduling opportunity of URLLC would be very limited, if a gNB need to schedule URLLC to avoid all of those downlink RS. RAN1 may need to further clarify when gNBs schedules URLLC traffic, which RS can be preempted, and which cannot. How do eMBB users identify whether their additional DMRS/CSI-RS is preempted or not may need to be discussed. Thus, preemption indication carried by common DCI would be necessary. When CSI-RS could be preempted, eMBB UE will identify whether the CSI-RS is preempted via pre-emption indication. Thus, only when eMBB UE finds that its CSI-RS and data are both not overlapped with the reference DL resource, it does not need to monitor PI.
Observation 9: If CSI-RS can be preempted, preemption indication carried by common DCI could help users to identify whether their CSI-RS is polluted.
Proposal 7: RAN1 needs to further clarify whether gNB can always schedule URLLC traffic away from downlink RS, e.g. additional DMRS/CSIRS.
[bookmark: _Ref490059858]How to flush the corrupted signal based on PI and CBGFI
It has been agreed that the PI and the CBGFI are separately configured. The PI is periodically delivered to victim users using a group-common DCI in PDCCH, while the CBGFI is carried by a UE-specific DCI which is used to schedule next (re-)transmission. 
The probability of miss detection of PDCCH is about 1%. If either one of the two indications is configured, the probability of missing the indication is about 1%. Therefore, a more robust way is to configure the PI and the CBGFI to the UE at the same time. However, the UE behaviour should be clarified when both PI and CBGFI are configured.
Because the PI is periodically transmitted and CBGFI accompanies the next (re-) transmission, the victim user could receive a PI before a CBGFI or receive a CBGFI before a PI. In order to accelerate the soft buffer handling, the victim user should adopt the first arriving indication to remove the corrupted signal. In case of missing the detection of the first arriving indication, the user will flush the corrupted signal based on the indication which arrives at the victim user later.
When the PI and CBGFI arrive at the victim user simultaneously, e.g. both are carried by the first few OFDM symbols of a single slot, the UE should give high priority to PI. The UE should flush the corrupted signal based on the PI and the CBGFI can be used for double check. In case of missing the detection of PI, the UE will flush the corrupted signal based on the CBGFI. This is because the indication granularity of PI is generally finer than that of the CBGFI. 
The indication granularity of PI is usually a block of resources. More details of this block of resource are still under discussion. The indication granularity of CBGFI has yet to be decided as well, but it will be equal to or larger than one CBG. Considering that the maximum number of CBGs will not be very large, e.g. 4 or 8, (otherwise the bit field for CBG indication will be too large) and if one TB only contains a few CBs, the indication granularity of PI will be generally finer than that of the CBGFI.
Proposal 8: The preemption indication and CBGFI can be configured to the UE at the same time. 
Proposal 9: When both the CBGFI and PI are configured to a UE,
· If one of them arrives at the victim user first, 
· The user shall flush the corrupted signal following the first arriving indication and use the second arriving indication for double check. 
· In case of missing the detection of the first arriving indication, the user shall flush the corrupted signal based on the second arriving indication.
· If the PI and the CBGFI arrive at the victim user simultaneously, 
· The user shall flush the corrupted signal following the PI and use the CBGFI for double check. 
· In case of missing the detection of PI, the UE shall flush the corrupted signal based on the CBGFI. 
Flushing indication in TB-based retransmission mode
As discussed in 2.2, it should be allowed to configure the PI and CBGFI at the same time. However, if the victim eMBB UE is in a TB-based retransmission mode, only the pre-emption indication is available. In this case, the probability that the pre-emption indication is missed/wrongly detected is about 1%. If 1-bit flushing indication is involved into the retransmission DCI of TB-based mode, the reliability of indications can be comparable with that of CBG-based mode. Specifically, when the pre-emption indication is detected, the victim user could handle its buffer according to the pre-emption indication. When the pre-emption indication is missed or wrongly detected (e.g. not in line with the TB flushing indication), the victim UE could flush the whole TB to avoid the buffer pollution.
Proposal 10: 1-bit TB flushing indication is indicated in the retransmission DCI when the UE is in a TB-based retransmission mode.

Discussion on GC-PDCCHs for SFI and PI
GC-PDCCH has been adopted for providing SFI. SFI is useful to identify DL part, UL part etc. and may help the UE to reduce blind decoding attempts. However, it is not clear whether combining SFI with pre-emption indication in a single GC-PDCCH is beneficial. SFI maybe more useful for TDD framework whereas pre-emption indication can be monitored in both TDD and FDD framework. Monitoring periodicities of GC-PDCCHs carrying SFI and PI can be different as well.
Proposal 11: GC-PDCCHs for SFI and PI should be separately configured.
Conclusion
This contribution has the following observations and proposals
Observation 1: Allowing all combinations of time domain granularities and time duration of reference DL resource would introduce excessive PI payload size as well as large number of DCI formats of PI.
Observation 2: Frequency granularity spanning whole frequency range of reference region may cause significant eMBB performance loss.
Observation 3: If size and location of reference region and number of time/frequency partitions within the region is known for a given numerology, time/frequency granularity can be implicitly obtained from configuration of reference region and number of time/frequency partitions configured for a given payload of PI.

Observation 4: If location of reference region, time/frequency granularity and number of time/frequency partitions within the region is known for a given numerology, size of the region can be implicitly obtained from granularity and number of partitions configured.

Observation 5: Preemption indication needs to indicate multiple preemption events over multiple slots when the DL reference resource is spanning multiple slots.
Observation 6: Monitoring of pre-emption indication at symbol-level granularity would cause excessive UE blind decoding and increase UE power consumption and complexity.
Observation 7: Depending on the scope (i.e., the duration in time and range in frequency of the region addressed by PI) of an indication and scheduling assignment, a UE can monitor multiple indications with respect to an impacted transmission.
Observation 8: Additional DMRS can be notified to be preempted by preemption indication.
Observation 9: If CSI-RS can be preempted, preemption indication carried by common DCI could help users to identify whether their CSI-RS is polluted.

Proposal 1: Semi-static configuration of a PI downlink reference resource includes 
· location, e.g., starting position in time/frequency and 
· size, i.e., frequency range in RBs and time duration in symbols for a given numerology
· Note: Frequency range and time duration of the region can be equal or less than carrier BW and monitoring periodicity of PI, respectively. 
Proposal 2: Granularity of time and frequency of PI need to be considered together.
· For flexibility, a set of time and frequency granularities can be configured for a given payload of DCI carrying PI and one pair of time and frequency granularities is indicated.
Proposal 3: Bitmap in the PI is supported to indicate pre-empted resources within the whole reference region.
Proposal 4: The PI monitoring switch is configured by the network per UE’s BWP.

Proposal 5: For a K-bit PI, M times N-bit bitmap can be configured for the PI to indicate pre-emption events within a PI reference region which has M time partitions and N frequency partitions.
· Note: M and N are chosen such that K ≥ M times N applies.
· A set of values and combinations of M and N can be configured for a given payload of PI.
Proposal 6: Monitoring periodicity of PI in a CORESET can be M slots, where the value of M depends on numerology. 
· M = L>= 1  slots for f0 = 15kHz and  M = 2N * L slots for f = 2N * 15kHz.
· FFS value of L

Proposal 7: RAN1 needs to further clarify whether gNB can always schedule URLLC traffic away from downlink RS, e.g. additional DMRS/CSIRS.
Proposal 8: The preemption indication and CBGFI can be configured to the UE at the same time. 
Proposal 9: When both the CBGFI and PI are configured to a UE,
· If one of them arrives at the victim user first, 
· The user shall flush the corrupted signal following the first arriving indication and use the second arriving indication for double check. 
· In case of missing the detection of the first arriving indication, the user shall flush the corrupted signal based on the second arriving indication.
· If the PI and the CBGFI arrive at the victim user simultaneously, 
· The user shall flush the corrupted signal following the PI and use the CBGFI for double check. 
· In case of missing the detection of PI, the UE shall flush the corrupted signal based on the CBGFI. 

Proposal 10: 1-bit TB flushing indication is indicated in the retransmission DCI when the UE is in a TB-based retransmission mode.
Proposal 11: GC-PDCCHs for SFI and PI should be separately configured.
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Appendix
	Parameters
	Description

	Inter-BS distance
	500 m

	Carrier frequency
	4 GHz

	Simulation bandwidth
	20 MHz

	Channel model
	3D UMa

	BS Tx power
	46 dBm

	BS antenna configurations
	2TX

	BS antenna height
	25 m

	BS antenna element gain + connector loss
	8dBi

	UE antenna configurations
	2RX

	UE antenna height
	Follow the modelling of TR 36.873

	UE antenna gain
	Follow the modelling of TR 36.873

	UE receiver noise figure
	9 dB

	Traffic model
	URLLC: FTP Model 3 with MAC packet size 32bytes
URLLC: Poisson packet arrival with arrival rate λ

	UE distribution
	20% Outdoor in cars: 30 km/h,
80% Indoor: 3 km/h
URLLC: 10 UE/sector

	UE receiver
	MMSE-IRC






Number of preempted slots in reference DL resource
4 slots	one slot is preempted	more than one slots are preempted	0.1268	0.85440000000000005	2 slots	one slot is preempted	more than one slots are preempted	0.4622	0.40060000000000001	






image3.emf
1 5 9 13

2 6 10 14

3 7 11 15

4 8 12 16

Reference DL resource in time domain 

Reference DL resource in freq domain 

T

F


Microsoft_Visio_Drawing111.vsdx
1
5
9
13
2
6
10
14
3
7
11
15
4
8
12
16
Reference DL resource in time domain
Reference DL resource in freq domain
T
F



image4.png
BW of
reference
region

Pl Region (i.e., referenc
resource)

1

Interval 1

Interval 2

Interval 3

2dMd L3N

Interval 4

Interval 5

Mg Jolied

time





image5.png
Freq

granulari}v

time
granularity

Configured Indication Monitoring occasions

URLLC Trans

eMBB Trans

Pre-emption region

Pl




image6.png
(a)

(b)




image7.emf
PI

1

PI

2

slot 1 slot 2 slot 3 slot 4 slot 5


Microsoft_Visio_Drawing222.vsdx
PI1
PI2
slot 1
slot 2
slot 3
slot 4
slot 5



image8.png
60kHz

30kHz

15kHz

1 [

Monitoring periodicity

|:| Pl search space in a CORESET




image9.png
I Group-common PDCCH sent every slot

eMBB UE 2





image10.png
Sub-band 1

Sub-band 2

eMBB UE 1

eMBB UE 2

PI1

P12




image11.png
CORESET
with common
search space
where Pl is
monitored

Pre-emption
event

zan

dma ean

2dM8 ¥an

+dME P3N

g Jauied

time





image1.png
N=2

Frequency
partitions

M =4 time partitions




image2.png
Empirical CDF





