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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 this contribution, we discuss possible options for control channel to send pre-emption indication and propose group-common indication is preferred among the available options. Furthermore, we also provide insight on content design and location for sending group-common indication.

[bookmark: _Ref129681832]Group-common vs. UE specific Indication 
It has been agreed that pre-emption indication would not be included in the DCI that schedules (re)-transmission. To this end, if indication is configured, possible options include
1. Indication is provided to a UE in a UE-specific PDCCH
2. Indication is provided to UE(s) in one or multiple group-common PDCCHs

As URLLC transmission may span a large BW to meet the reliability requirement and one URLLC transmission can potentially cause pre-emption of resources from multiple eMBB transmissions, sending UE-specific PDCCHs to notify indication can be very inefficient for the following reasons: a) In some cases, same pre-emption information is sent to a group of UEs separately b) if a PDCCH only contains pre-emption indication but does not schedule any transmission, the UE specific PDCCH size containing indication can be quite different from other PDCCHs which may contain UE specific DCI formats supported by a given UE and it may increase blind detection complexity in the device specific search space..
NR specifications will support group-common PDCCHs, even though the detail application of common PDCCHs are not finalized yet. As can be seen in Fig. 1, UE 1 and UE 2 would receive same pre-emption information in UE specific indication, if the granularity of pre-emption indication is configured to be same for all UEs. Instead, one group-common indication can be configured and addressed to a group of UEs that would monitor and extract pre-emption information from such group-common indication. Hence, group common indication can be more beneficial and efficient, given the characteristics of URLLC requirements.  
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      Figure 1: Multiple eMBB transmission can be impacted by same pre-emption event.
Observation 1: UE specific pre-emption indication can be very inefficient.
Proposal 1: NR supports group-common pre-emption indication.
Location of group-common PDCCH
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 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.  
Out of the options discussed above, 1-1 would require multiple blind detection attempts and monitoring from eMBB UEs costing power consumption, and in worst case, monitoring could be one/two symbols depending on URLLC time granularity. Options 1-2, 2-1, 2-2 are independent of URLLC traffic arrival. In particular, options 1-2 and 2-1 would require eMBB UEs to monitor pre-emption indication once per interval, either at the end of the interval or at the beginning of next interval. Whereas option 2-2 provides indication in a later interval, excluding the interval right after eMBB transmission starts. 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, we prefer options 1-2 and 2-1. Furthermore, option 2-2 may require further signalling overhead because it would be unclear which earlier interval the indication refers to. Considering UE complexity and decoding performance of an impacted transmission, we prefer options 1-2 and 2-1. 
Proposal 2: Monitoring of pre-emption indication every URLLC scheduling interval is not supported.
Proposal 3: Either at the end of eMBB interval or next eMBB interval can be considered for configuring location for sending pre-emption indication.

If a fixed interval is used for all eMBB UEs, according to our preferred options 1-2 and 2-1, UEs monitor pre-emption indication in one instance only during a transmission, i.e., either at the end of current or beginning of next interval. However, it is also possible that different eMBB UEs are scheduled with different length. In particular, as TB mapping spanning multiple slots is agreed, eMBB UEs can also be scheduled in a slot aggregated manner. Since 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 render the indication not useful anymore 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 2., 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 whereas eMBB UE 3 only monitors one indication. 
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Figure 2: Depending on the length of eMBB transmission duration, a UE may monitor multiple common pre-emption indications.
Note that the used CORESET that contains group-indication may be avoided for scheduling of data. If it is unused, then data channel can include this resource set. Hence, it may not be always reserved.
Observation 2: From network perspective, different lengths (e.g., one slot, two slots etc.) of eMBB scheduling interval may coexist in the region where URLLC traffic can be scheduled. 
Observation 3: If eMBB TB spans multiple slots, monitoring of multiple group indications corresponding to transmission of one impacted TB may be needed by a UE.

Structure of group-indication
Different structures can be envisioned 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 actual number or size of group PDCCHs to be supported in NR is still not decided, nonetheless we believe that designing a low overhead indication is desirable at this point. Hence, we have the following proposal:
Proposal 4:  Group indication contains a common field that is read by 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 contain 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. 
Proposal 5: 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 where 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 groups. On the other hand, slot can be partitioned into y symbol groups. The common indication may contain xy bits that are 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. Values of x and y can be configurable. 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. 
Proposal 6: One group-common indication contains time-frequency pre-emption information of an eMBB interval.
· Granularity can be sub-band or PRB group in frequency and symbol(s) in time.
Conclusion
This contribution has the following observations and proposals
Observation 1: UE specific pre-emption indication can be very inefficient.
Observation 2: From network perspective, different lengths (e.g., one slot, two slots etc.) of eMBB scheduling interval may coexist in the region where URLLC traffic can be scheduled. 
Observation 3: If eMBB TB spans multiple slots, monitoring of multiple group indications corresponding to transmission of one impacted TB may be needed by a UE.

Proposal 1: NR supports group-common pre-emption indication.
Proposal 2: Monitoring of pre-emption indication every URLLC scheduling interval is not supported.
Proposal 3: Either at the end of eMBB interval or next eMBB interval can be considered for configuring location for sending pre-emption indication.
Proposal 4:  Group indication contains a common field that is read by a group of UEs.
Proposal 5: How to distinguish a group common PDCCH with or without common indication needs further study.
Proposal 6: One group-common indication contains time-frequency pre-emption information of an eMBB interval.
· Granularity can be sub-band or PRB group in frequency and symbol(s) in time.
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