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In previous RAN1 meetings, several agreements on pre-emption indication for DL multiplexing of URLLC and eMBB were achieved:
	Agreements:
1. For DL CBG-based (re)transmission,
0. Following information can be configured to be included in the same DCI:
0. Which CBG(s) is/are (re)transmitted.
0. Which CBG(s) is/are handled differently for soft-buffer/HARQ combining.
1. FFS: whether/how UE behavior is specified, e.g., part/whole of soft-buffer of indicated CBG(s) is flushed.
0. FFS: timing of CBG-based (re)transmission.
1. For preemption indication;
1. When configured, the indication tells the UE(s) which DL physical resources has been preempted.
1. The preemption indication is transmitted using a PDCCH.
1. The preemption indication is not included in the DCI that schedules the (re)transmission of the data transmission.
1. FFS: the granularity of the time and/or frequency resources.
1. FFS: what DCI is used.
1. FFS: timing of the preemption indication.

Agreements:
· 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 provide further considerations on indication design details. Pre-emption indication switch, indication position and indication content are discussed.
Discussion
Monitoring of pre-emption indication
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. For example, if a UE’s BWP is not overlapped with URLLC UE’s BWP, then this UE’s resources will not be preempted. If and only if a UE’s BWP is overlapped with URLLC UE’s BWP, this UE’s resources will be preempted. It appears to be straightforward that when a UE’s BWP is configured to be able to be preempted, that UE needs to monitor the preemption indication. When a UE’s BWP will be not preempted, UE does not need to monitor the preemption indication. 
It is also beneficial to use PI monitoring switch as a property of a BWP as illustrated in Figure 1. For UEs’s BWP where URLLC may occur, network can configure this UE’s BWP with PI monitoring switch on. For UE’s BWP where URLLC does not occur, network can configure this UE’s BWP with PI monitoring switch off. 
We propose:
Proposal 1: The PI monitoring switch is configured by the network per UE’s BWP.
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Figure 1 PI monitoring switch as per UE’s BWP
Since preemption indication is carried by group common DCI in PDCCH, it should be monitored periodically by the UE. In order to avoid excessive monitoring overhead, the monitoring period should at the level of slot, not symbol. We propose:
Proposal 2: PI is configured to be monitored by a group of UEs every x slot(s) for a given numerology, where x is configurable.
Discussion on granularity of preemption indication
Since preemption indication is a group common signaling, the time domain region and frequency domain region of the PI, as well as the granularity of time domain and frequency domain, need to be common for the same group of UEs monitoring the PI. Since in NR, for different UEs there is no common understanding of the system bandwidth as well as TTI length, the time and frequency region the PI corresponds to need to be configured by the network. We propose:
Proposal 3: The group common DCI carrying PI corresponds to a time frequency region configured by the network. 
The DCI content of the PI would indicate which portion(s) within that PI region has been preempted by URLLC traffic. A time-frequency bitmap can be introduced to indicate which portion(s) within that PI region is actually preempted. It is noted that multiple portions within that PI region may be preempted, considering each bit corresponds to one portion, and a simple example is illustrated in the figure below. In the example in Figure 2, PI region in time/frequency domain means the time/frequency region the PI corresponds to. A 16-bit bitmap divides the entire PI region into 16 resources. The bitmap indicates the resource that has been impacted by preemption. For example, if ‘1’ means impacted by preemption and ‘0’ means no impact, when resource #2, #3 and resource #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.
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Figure 2 Bitmap for the potentially impacted resources corresponds to the PI
Proposal 4: Use bitmap to indicate the impacted resource(s) by preemption.
PI region in time domain
PI region in time should be prior to the transmission time of the group common DCI carrying the PI. As the group common DCI carrying PI is expected to be monitored by the same group of UEs periodically, the PI region in time domain should be starting from the previous PI monitoring slot to the slot before the current PI monitoring slot, if the location of the PI is sent at the beginning of the slot, or from the slot after previous PI monitoring slot to the current PI monitoring slot, if the PI is sent at the end of the slot. Assume the group common DCI carrying PI is monitored every 3 slots, then the PI region in time domain is the previous consecutive 3 slots depending on the monitoring location where the PI is configured. This example is illustrated in Figure 3. Alternatively, in some cases, a time duration less than the monitoring periodicity can be indicated or used for effective duration of PI region in time. For example, control region or RS symbols may be avoided from being included as part of the duration of PI region in time.
Proposal 5: Duration of PI region in time domain can be less or equal to the monitoring periodicity of the PI.
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Figure 3 Time domain PI region when PI is sent at the beginning of a slot or at the end of a slot
It should be noted that though Figure 3 shows an example for PI sent at the end of a slot, it does not imply that sending PI at the end of a slot is a valid option. For example, if a group common DCI is not allowed to be transmitted at the end of a slot, it is not valid to assume that the PI can be sent at the end of a slot. 
Observation 1: If the group common DCI is not allowed to be sent at the end of a slot, it is not possible to send the PI at the end of a slot.
Granularity of the PI in time domain
It is already agreed that the granularity of the PI is configurable. Time domain granularity should at least support both slot level granularity and symbol level granularity, as they both options are possible for URLLC transmissions. The granularity of PI must be no larger than the range of time domain PI region. In addition, in order to avoid excessive payload size of the PI, it does not make sense to configure 1OS granularity with PI monitored every 56 OS.
Considering to reduce the number of DCI formats of the PI for various time granularity configurations, a fine time domain granularity is configured when time domain PI region is short, and coarse time domain granularity is configured when time domain PI region is long.
Proposal 6: Support both slot based and symbol based time domain granularity.
Observation 2: Allowing all combinations of time domain granularities and time domain PI regions would introduce excessive PI payload size as well as excessive DCI formats of PI. 
PI region in frequency domain
PI region in frequency domain should be configurable. It should be no smaller than the frequency region occupied by URLLC UEs and the group of UEs receiving the corresponding PI. The way PI region in frequency domain is configured can follow the way a UE’s BWP is configured. No specific difference is foreseen between the configuration of PI region in frequency domain and the configuration of a UE’s BWP.
Proposal 7: The frequency range of a PI region is configurable. 
Granularity of the PI in frequency domain
Coarse granularity can reduce the overhead of indication but will degrade decoding performance as some of the non-preempted data may also be flushed in UEs’ buffer. For example, if only few RBs of an eMBB UE are preempted within a URLLC transmission interval, notifying the eMBB UE to flush all RBs within that interval is not necessary. Some level of frequency domain granularity would be helpful to recover the performance loss caused by preemption. Link level simulation results in Figure 4 are provided to compare the data throughput considering different frequency domain granularities. For all simulations, time domain granularity is URLLC transmission interval. For the ease of simulation, both URLLC UE’s BWP and eMBB UE’s BWP are 20MHz in the simulation. Preempted part = 1/x BW means the granularity of pre-emption is 1/x of the eMBB UE’s BWP. Indication granularity = 1/y means the frequency domain granularity of indication is 1/y of eMBB UE’s BWP. The detailed simulation assumptions can be found in table 1. In the results, we see gains of 1/2 eMBB UE’s BWP granularity over all RBs within URLLC interval is over 20%, while additional gains from 1/3 BWP over 1/2 BWP is marginal. Therefore, we have the following observation:
Observation 3: When URLLC granularity is symbol level, coarse frequency domain PI granularity around 1/2 eMBB BW provides gains over whole eMBB BW, however further gains from finer frequency domain granularity are marginal.
Observation 4: When URLLC granularity is slot level, finer frequency domain PI granularity can be used.
Frequency domain granularity can be either at the unit of 1/N of frequency range of PI region or at the unit of RBGs. 1/N of the frequency range of PI region is a very straightforward way and is already common to a group of UEs. For RBG size, however, it is a UE specific term relative to the BWP of a certain UE, following the agreements in [2]. For PI, however, as it is a group common information, RBG size would be related to the frequency range of the PI region, instead of UE specific BWP. 
Proposal 8: Granularity of the PI in frequency domain is configurable. FFS if the granularity is defined by 1/N of frequency range of PI region, or number of RBGs.

Figure 4 Indication in various frequency domain granularities
Table 1	Link level simulation assumptions
	Bandwidth
	20MHz

	Subcarrier space
	15kHz

	URLLC TTI
	2 symbol

	eMBB TTI
	14 symbol

	Rank
	1

	Tx/Rx
	2X2

	Channel Model
	TDL-C 300ns

	Max HARQ
	4

	Pre-emption granularity
	1/3 of BW

	Indication granularity
	1, 1/2, 1/3 of BW



Payload size of 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 range of PI region and frequency range of PI region shall be suitable for 1 payload size. The table below provides a quick example illustrating the possible combinations and corresponding payload sizes. 
Table 2 Possible combinations with 2 payload sizes
	Combination index
	Time range
	Time granularity
	Frequency granularity
	Payload size

	1
	7-OS
	1-OS
	1/2 BW
	14

	2
	14-OS
	2-OS
	1/2 BW
	14

	3
	14-OS
	1-OS
	1 BW
	14

	4
	4-slot
	1-slot
	1/4 BW
	16

	5
	2-slot
	1-slot
	1/8 BW
	16


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 2, 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 1~3 in Table 2 resulting in a 16-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 9: RAN1 identifies possible values of payload sizes of group common DCI carrying PI.

Downlink RS/control handling when preemption occurs
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 avoid 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 5: 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 conflict 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 CSIRS 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.
Observation 6: If CSI-RS can be preempted, preemption indication carried by common DCI could help users to identify whether their CSI-RS is polluted.
Proposal 10: RAN1 needs to further clarify whether gNB can always schedule URLLC traffic away from downlink RS, e.g. additional DMRS/CSIRS.
Conclusion
In this contribution, the following observations are made:
Observation 1: If the group common DCI is not allowed to be sent at the end of a slot, it is not possible to send the PI at the end of a slot.
Observation 2: Allowing all combinations of time domain granularities and time domain PI regions would introduce excessive PI payload size as well as excessive DCI formats of PI. 
Observation 3: When URLLC granularity is symbol level, coarse frequency domain PI granularity around 1/2 eMBB BW provides gains over whole eMBB BW, however further gains from finer frequency domain granularity are marginal.
Observation 4: When URLLC granularity is slot level, finer frequency domain PI granularity can be used.
Observation 5: Additional DMRS can be notified to be preempted by preemption indication.
Observation 6: If CSI-RS can be preempted, preemption indication carried by common DCI could help users to identify whether their CSI-RS is polluted.
And we have the following proposals:
Proposal 1: The PI monitoring switch is configured by the network per UE’s BWP.
Proposal 2: PI is configured to be monitored by a group of UEs every x slot(s) for a given numerology, where x is configurable.
Proposal 3: The group common DCI carrying PI corresponds to a time frequency region configured by the network.
Proposal 4: Use bitmap to indicate the impacted resource(s) by preemption.
Proposal 5: Duration of PI region in time domain can be less or equal to the monitoring periodicity of the PI.
Proposal 6: Support both slot based and symbol based time domain granularity.
Proposal 7: The frequency range of a PI region is configurable. 
[bookmark: OLE_LINK1]Proposal 8: Granularity of the PI in frequency domain is configurable. FFS if the granularity is defined by 1/N of frequency range of PI region, or number of RBGs.
Proposal 9: RAN1 identifies possible values of payload sizes of group common DCI carrying PI.
Proposal 10: RAN1 needs to further clarify whether gNB can always schedule URLLC traffic away from downlink RS, e.g. additional DMRS/CSIRS.
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