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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 # 89 meeting, it was agreed that 
· For DL CBG-based (re)transmission,
· Following information can be 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.
· FFS: timing of CBG-based (re)transmission.
· For preemption indication;
· When configured, the indication tells the UE(s) which DL physical resources has been preempted.
· The preemption indication is transmitted using a PDCCH.
· The preemption indication is not included in the DCI that schedules the (re)transmission of the data transmission.
· FFS: the granularity of the time and/or frequency resources.
· FFS: what DCI is used.
· FFS: timing of the preemption indication.

In RAN1 AH 2 meeting, 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 this contribution, we discuss details on configuration and design of pre-emption indication and UE monitoring behaviors. Furthermore, we also discuss why pre-emption indication in GC-PDCCH should be separate from GC-PDCCH for SFI.

[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 for pre-emption indication, one or more parameters related to configuration of pre-emption indication need to be received by the UE to monitor and successfully decode the content of the indication.
Configuration parameters may be signaled to the eMBB UE(s) semi-statically. Possible parameters include:
a) Time granularity (e.g., number of symbol(s) or slot(s) ) and/or frequency granularity (e.g., RBG or part of carrier bandwidth) used for content of the pre-emption indication. Note that configurable time granularity has been agreed.
b) Format of bitmap of PI for a given payload, e.g., if 12 bits are used, whether it is 6 by 2 or 4 by 3 etc.
c) Control resource set (CORESET) where the pre-emption indication can be monitored. For each numerology, PI is transmitted in a common search space within a CORESET.
d) Monitoring interval, which can be implicitly obtained from the configuration of CORESET associated with PI for a given numerology, or it can be configured for a given numerology.  In particular, if a CORESET is used for transmitting different types of control information, CORESET monitoring periodicity and PI monitoring periodicity may be separately configured. 
e) A given time-frequency region (cf. Region X in Fig. 1 which comprises a time duration Tx and part of carrier bandwidth BWx) where pre-emption events may occur, a.k.a pre-emption region. The indication provides pre-emption information with respect to the given time-frequency region where both eMBB and URLLC transmission can be scheduled. In some occasions, the region can be non-contiguous, for example, when there is a reserved resource or when a UE is scheduled by non-contiguous intra-band carrier aggregation. 
f) RNTI information of the PDCCH that contains the pre-emption indication. This is necessary if a common search space is also used for transmitting other types of control information.
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Figure 1: (a) PI corresponds to a pre-emption region (Region X) which may span less than the carrier BW. The pre-emption region can be contiguous (a) or non-contiguous in frequency (b) or time (c).

The configuration of pre-emption indication may be notified to the UE explicitly or it can be implicitly derived by the UE from other configuration, for example, UE bandwidth part and/or numerology used for transmission. 

For example, a UE is configured with two BW parts, and one BW part activates monitoring the 
indication whereas other BW part does not require the UE to monitor the indication. One BW part may be located in a region where pre-emption events may occur whereas other BW part is configured in a location within the carrier BW where pre-emption events may not occur and/or UE is not configured to monitor.

On the other hand, some parameters of configuration for pre-emption indication can be numerology 
specific. For example, if 60kHz SCS is used, a time unit or granularity for the pre-emption indication can be based on slot(s), whereas if 15kHz SCS is used, the time unit can be based on symbol(s). This is because URLLC transmission interval may comprise a slot (symbols) if 60kHz (15kHz) numerology is used. Similarly, monitoring interval can be different if different numerologies are employed. The time granularity or monitoring interval can be scalable across numerologies in terms of numbers of symbols/slots. For example, time granularity can be two symbols for 15kHz and four symbols for 30kHz. 

Proposal 1:  Configuration of pre-emption indication is semi-statically notified to the UE, which comprises at least the following parameters
· Monitoring interval
· Time granularity (e.g., number of symbol(s) or slot(s) ) and/or frequency granularity (e.g., RBG or part of carrier bandwidth) used for content of the pre-emption indication for a given numerology.
· FFS whether time and/or frequency granularity of PI is scalable across numerologies. 
· CORESET where the pre-emption indication can be monitored for a given numerology. 
· A given time-frequency region (i.e., time duration and part of carrier bandwidth) where pre-emption events may occur. 
· FFS whether the indicated region can be non-contiguous
· Format of bitmap of PI for a given payload
RNTI information of the PDCCH that contains the pre-emption indication
Proposal 2: Study further whether configuration of pre-emption indication depends on UE BW part configuration and/or numerology used for transmission.
Location of group-common PDCCH for 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 1: 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. 2, 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 2: 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 3: Monitoring periodicity of PI in a CORESET can be M slots, where 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 Monitoring behaviors 
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 3., 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 3: 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. 4.
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Figure 4: 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.  
As shown in Fig.3, eMBB UEs may have different lengths of TTI, the search space for PI may occur in the middle of a TTI of an eMBB UE with longer TTI length. In this case, the CORESET that contains group-indication may be avoided for scheduling of data. But the PI may not be sent if there are no pre-emption events. If the CORESET for PI is always reserved, the resource can be wasted. So when the CORESET is unused, then data channel of a transmission can include this resource set. Hence, the CORESET may not be always reserved. Several options can be considered as follows: 
1. Using DCI to notify whether the followed CORESET is reserved. As pre-emption events occur randomly, it is not feasible to notify UEs via DCI whether a search space for PI is configured or reserved.
2. Dynamically adjust the data mapping. The CORESET can be included for scheduling of data when it is unused. When a PI is sent, gNB will not map data in CORESET and transmit the TB by rate matching. However, it may not have enough time to adjust the data mapping of UE whose resource overlapped with PI because PI is sent randomly. Besides, how to notify UE the data mapping has changed is a concern.
3. PI can pre-empt eMBB data transmission. UE is notified of the position of resource used to transmit PI. When PI is sent, it can pre-empt the mapped data in the resources of CORESET. The impact on data channel is limited when the size of PI is small.
4. Sharing CORESET between different data channels  The UE can monitor the search space for PI. The search space may be configured and not used as part of data channel at the time of scheduling. However, if PI is not sent and/or the CORESET is unused, it can be used as part of data channel of other UEs. This may avoid wasting the CORESET resources.
Observation 2: How to share CORESET of PI with data channel needs to be further studied.
Observation 3: 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 Figure 4, 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 4: 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.  
Proposal 4:  If a UE is configured with multiple BW parts and not all BW parts have common search spaces configured, the UE can be configured with a hopping/time pattern for BW part switching to monitor PI. 
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, GC-PDCCH 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. Hence, we have the following proposal:
Proposal 5:  At least one GC PDCCH format is supported that contains common field(s) for a group of UEs.
In RAN1 # 89 meeting, it was agreed that pre-emption is transmitted using a PDCCH.  Group common PDCCH is one of the potential options to carry indication which contains common information for a group of UEs. The indication may not be sent if no pre-emption event occurred. In the common search space, multiple group common PDCCH can be sent for different purposes [1]. UE needs to distinguish which group PDCCH contains the group indication. If PDCCH with group pre-emption indication has different payload size from other group PDCCHs, UE can distinguish them easily by different payload size. But, different payload size will introduce additional blind decoding. If the different group PDCCHs have same payload size, UE may need to distinguish them by the contents or RNTI. Besides, UE may distinguish different group PDCCHs by the position of these PDCCHs. For example, some search space may be reserved to transmit PDCCH for group indication. When UE detects a PDCCH in this search space, it will know the received DCI contains group indication.
Proposal 6: How to distinguish a group common PDCCH with or without common indication needs further study.
Content of group-indication
Here, we focus on the case when group indication has a common field. The indication can provide pre-emption information with a given time-frequency granularity. For example, if only one indication is sent per slot, the BW over which eMBB and URLLC transmission coexist, can be partitioned into x sub-bands or PRB group. On the other hand, slot can be partitioned into y symbol group. The common indication may contain xy bits that is received by the UEs configured to monitor indication and based on their scheduling assignment, the UEs identify whether their transmission was pre-empted or not. Note that indication granularity based on code-block group is not feasible here as the indication is read by a group of UEs. Information related to code-block group is UE specific. More details on the content and granularity of PI can be found in [1].
Proposal 7: One group-common indication contains time-frequency pre-emption information corresponding to a configured time-frequency region
· Granularity can be RBGs in frequency and symbol(s)/slot(s) in time with respect to a given numerology.
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. More details on general discussion in this regard can be found in [2].
Proposal 8: GC-PDCCHs for SFI and PI should be separately configured.
Conclusion
This contribution has the following observations and proposals
Observation 1: Monitoring of pre-emption indication at symbol-level granularity would cause excessive UE blind decoding and increase UE power consumption and complexity.
Observation 2: How to share CORESET of PI with data channel needs to be further studied.
Observation 3: Depending on the scope (i.e., the duration in time and range in frequency of the region addressed by PI) of a PI and scheduling assignment, a UE can monitor multiple indications with respect to an impacted transmission. 

Proposal 1:  Configuration of pre-emption indication is semi-statically notified to the UE, which comprises at least the following parameters
· Monitoring interval
· Time granularity (e.g., number of symbol(s) or slot(s) ) and/or frequency granularity (e.g., RBG or part of carrier bandwidth) used for content of the pre-emption indication for a given numerology.
· FFS whether time and/or frequency granularity of PI is scalable across numerologies. 
· CORESET where the pre-emption indication can be monitored for a given numerology. 
· A given time-frequency region (i.e., time duration and part of carrier bandwidth) where pre-emption events may occur. 
· FFS whether the indicated region can be non-contiguous
· Format of bitmap of PI for a given payload
· RNTI information of the PDCCH that contains the pre-emption indication

Proposal 2: Study further whether configuration of pre-emption indication depends on UE BW part configuration and/or numerology used for transmission.
Proposal 3: Monitoring periodicity of PI in a CORESET can be M slots, where 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 4:  If a UE is configured with multiple BW parts and not all BW parts have common search spaces configured, the UE can be configured with a hopping/time pattern for BW part switching to monitor PI. 
Proposal 5:  At least one GC PDCCH format is supported that contains common field(s) for a group of UEs.
[bookmark: _GoBack]Proposal 6: How to distinguish a group common PDCCH with or without common indication needs further study.
Proposal 7: One group-common indication contains time-frequency pre-emption information corresponding to a configured time-frequency region
· Granularity can be RBGs in frequency and symbol(s)/slot(s) in time with respect to a given numerology.
Proposal 8: GC-PDCCHs for SFI and PI should be separately configured.
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