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1 Introduction
During RAN1 #NR_AH3 and #90 meetings [1-2], the following agreements about the multiplexing of eMBB and URLLC were made.
	Agreements:
· 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
· UE can be configured to monitor the group common PDCCH for SFI and the group common DCI for DL preemption indication within the same or different CORESETs
· As a working assumption
· The time duration of the reference downlink resource for preemption indication equals to the monitoring periodicity of the group-common DCI carrying the preemption indication
· For determination of the frequency region of the reference downlink resource for preemption indication, down select between the following options in RAN1#90bis
· Option 1: The frequency region of the reference downlink resource is configured explicitly by RRC
· Option 2: The frequency region of the reference downlink resource is implicitly derived by the active DL BWP
· The minimum periodicity for UE to monitor group common DCI for DL preemption indication is down-selected between
· Option 1: one slot
· Option 2: less than a slot




In this contribution, which is based on R1-1715561 but updated with relevant parts about the granularity of indication, we present an analysis about pre-emption indication, when to transmit and with which granularity the pre-empted resources shall be indicated. 
2 Discussion
It was agreed in RAN1 #90 that preempted resource(s) within a certain time/frequency region are indicated by the group common DCI.  A short URLLC transmission burst can for example preempt a longer eMBB transmission. The impacted resources can then be indicated to the eMBB UE, which can help to prevent eMBB performance degradation. In this section, we discuss remaining issues related to the multiplexing of URLLC and eMBB by preemption.
2.1 Benefit of pre-emption indication before the retransmission
In previous contributions, many companies have provided simulation results that show that the eMBB performance is improved with the help of preemption indication.
· Significant performance loss is experienced when the eMBB UE has no preemption indication.
· If the preempted resources are known to the UE when decoding the first transmission, the performance can be improved significantly compared to the case when no preemption indication is available for the first transmission.
For the second observation, the eMBB UE can exclude the damaged part and remove the URLLC interference already when decoding the first transmission. This can have significant impact on the spectrum efficiency in higher SNR regions, where successful decoding often is achieved with a single transmission. 
Also, if the preemption indication already is known for the first transmission, then the gNB does not need to indicate the eMBB-CBGs that are impacted by the URLLC transmission (if configured at all) in the DCI scheduling the CBG-based retransmission. Instead, the UE can derive this information from the resources pointed out by the preemption indication and flush the corresponding soft-buffer(s).
Proposal 1: The pre-emption indication shall be known to the eMBB UE while it is processing the first transmission which could be TB-based or CBG-based. 
In the previous paragraph we have described the benefits to have an indication signal for the first transmission. Here, candidate methods how to realize this are discussed. Basically, there are three possibilities
1. Current indication during the pre-empting URLLC transmission
2. Self-contained indication during the preempted eMBB transmission
3. Sub-sequent indication in the slot after the preemption
Current indication: When URLLC traffic pre-empts the eMBB data, the gNB may broadcast a signal on the group common PDCCH to all eMBB UEs in this group. This message indicates then the position of the URLLC traffic as shown in Figure 1 below. After the eMBB UEs have received the pre-emption indication, they exclude the indicted resources from their decoding. The drawback of this method is that eMBB UEs need perform frequent detections, in worst case on each symbol in various frequency sub-bands. 


Figure 1 – Transmitting the pre-emption indication in the URLLC transmission duration
Self-contained indication: The gNB transmits the preemption indication in the last part of the impacted eMBB UE slot. The preemption indication can be transmitted in the group common PDCCH. Because the URLLC might be not transmitted very frequently, the group common PDCCH carrying the preemption indication can preempt the eMBB data to improve the transmission efficiency. Generally, in this method, the eMBB UE can exclude the preempted data and can execute one more decoding of the data before sending the HARQ feedback. In Figure 2 it is illustrated as an example that PI is sent at the end of the impacted PDSCH.


Figure 2 – Pre-empting the predefined resource position for notifying the pre-emption
Sub-sequent indication: In the third approach the gNB transmits the pre-emption indication in the group common DCI during the next eMBB slot. While, from the view point of forward compatibility and processing immediately, it might be not a good design choice to restrict the indication transmitted in the DCI of the next eMBB UE slot. 
A self-contained approach with pre-emption indication at the end of the impacted eMBB TTI would allow for more flexibility to multiplex various services.
Proposal 2：The pre-emption indication shall be transmitted at the end of the impacted eMBB or at the beginning of the next eMBB slot.
2.2 Time/frequency region for pre-emption indication
The time range of the region
The time region of the reference downlink resource is configured semi-statically. In our view N slot(s) should be defined in the configuration and can be equal or less than the monitoring periodicity of the group-common DCI carrying the pre-emption indication. For the normal use case of preemption, i.e. below 6 GHz frequencies, it is enough with the values N=1 or N=2, because sufficient time should also be reserved for the UE processing to (re)decode and (re)prepare the feedback. Thus, the PI should not be received too close to the point of time when the Ack/Nack feedback is supposed to be sent (taking processing time n+4 as in LTE for reference). For high frequency radio communications case, N can be larger, like 4 or 8, because different beams could be processed in different slots.
Proposal 3: The time region is configured with N slot(s) which can be equal or less than the monitoring periodicity of the group-common DCI carrying the pre-emption indication, N=1 or 2 for the normal case below 6 GHz and N=4 or N=8 for high frequency radio communications case.
The frequency range of the region
A general consideration is that the frequency region can be configured by gNB implementation. The downlink pre-emption indication is transmitted using a group common DCI in PDCCH, this means the group of UEs would receive the same pre-emption indication and also their reference frequency region must be the same. It was agreed in RAN1 #89 that one or multiple bandwidth part configurations for each component carrier can be semi-statically signaled to a UE and it was also agreed in RAN1 #NR_AH3 that there is at most one active DL BWP and at most one active UL BWP at a given time for a serving cell. This implies that the UEs in a group may or may not have the same active DL BWP. It is therefore difficult to define the frequency reference region implicitly based on the active DL BWP, since it might not be available all the time. A more feasible approach is to configure the reference region explicitly through RRC signaling. Therefore, the two options listed below can be considered for the configuration of the frequency region. In case the UEs within the group have the same active DL BWP, then these two options become equivalent.
Option 1: The frequency region is defined by the overlapping part of the active DL BWPs for each UE in a group.
Option 2: The frequency region is defined by the frequency part covering all the active DL BWPs for each UE in a group.
Proposal 4: The frequency region is configured explicitly by RRC to refer the active DL BWPs for each UE in a group.
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Granularity of time domain
It was agreed that the time granularity of pre-emption indication is configured to be x symbols within the reference downlink resource for the given numerology. For non-slot-based scheduling for downlink, it was agreed that at least PDSCH durations of 2, 4, and 7 OFDM symbols including DMRS are recommended to be specified. So it is straight forward to configure x = 2, 4 or 7 (even if a 7OS mini slot usually would not be used to preempt an ongoing eMBB transmission). As a further consideration, the start OFDM symbol for each non-slot-based scheduling may be at any symbol in a slot. Therefore, the preempted resources can occur irregularly in the time domain and x = 1 would also be needed. 
Proposal 5：The time granularity of pre-emption indication can be 1, 2, 4, 7 symbols. 
Granularity of frequency domain
It was agreed that the frequency granularity of pre-emption indication is configured to be y RBs within the reference downlink resource for the given numerology, the y RBs can correspond to the whole frequency region of the downlink reference resource. Considering wider bandwidth operation and discrete resource allocation for the URLLC UE, the frequency domain indication is more complicated than the time domain allocation. The URLLC transmission is typically using a large bandwidth. Therefore, a larger RBG granularity might be enough and will reduce the needed overhead of the frequency domain indication. Taking the whole frequency region into consideration, the proportion of the frequency region can be used for indicating the frequency granularity. So y RBs can be represented as a proportion of the frequency region, such as [1/4, 1/2, 1].
Furthermore, depending on the selection of UEs monitoring the PI, and the eventually agreed method to define the reference region, the bandwidth of the preempting mini-slot compared to reference region can vary significantly.    
Proposal 6: The frequency granularity of pre-emption indication can be represented as the proportion of the frequency region.
2.4 How to indicate pre-empted resources
For normal case
As shown in Figure 3, the reference region can be divided into a certain number of sub-blocks of physical resources. These sub-blocks can then individually be indicated as being preempted.
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Figure 3 – Dividing the reference region into multiple sub-regions
Assume BW represents the frequency region of the reference downlink resource. A certain number of sub-blocks in this time/frequency region could be obtained with a combination {x, y}. For example, when N=1 is configured, then 14 sub-blocks are obtained with {x=2 symbols, y=1/2 BW} granularity. A 14 bits bitmap can then be used to indicate each sub-block being pre-empted or not. If each possible value of x can be combined with each possible value of y, then a multiple number of sub-blocks would be obtained and this would lead to different bitmap sizes in the PI field. This is a situation we want to avoid. Instead, a fixed overhead for the PI field should be supported. Therefore, the combinations of {x, y} should be limited. Considering the time/frequency region is configured semi-statically, while the pre-emption transmission is dynamic, e.g. in slot #n limited URLLC traffic is present while in slot #(n+ x) a large amount of URLLC traffic might occur and possibly with various transmission durations. It was agreed in RAN1 #90 that "For Non-slot (i.e., mini-slot) case, Starting symbol and ending symbol should be informed to the UE". That means the duration of URLLC traffic of one UE is dynamic. Also different UEs may have different durations of URLLC traffic. Then for pre-emption operation, different granularity can be used in time domain. Furthermore, the frequency resource allocated for URLLC is also flexible. For better resource utilization and adaptation to the dynamically changing conditions, the granularity should be indicated dynamically, a fixed number of sub-blocks can dynamically change shape as shown in Figure 4 below. The granularity in the time-domain can be indicated and the frequency domain granularity is then deduced, given the fixed number of sub-blocks being used.
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Figure 4 – Dynamic change of preemption granularity
In Figure 4, the DL time/frequency region is RRC configured to be one slot within a certain BW. The PI is sent every slot. In slot #n, the duration of URLLC traffic is 2OS, the granularity of {x=2, y=1/2BW} can be used. In slot #n+1, the duration of URLLC traffic is 4OS, the granularity{x=4, y=1/4BW} can be used instead, it matches better with transmission conditions of the current URLLC. In slot #n+3, the non-aligned duration of URLLC traffics are 2OS, then the granularity {x=1, y=1BW} can be used. 
Dynamic indication of the granularity of the time/frequency regions is used. This is accomplished by introducing a low-overhead indication index of e.g. 2 bits in the DCI. It points to predefined granularity pattern configurations as shown in Tables 1 and 2 below. 
Table 1 Pre-emption indication when N=1 configured
	N (slot(s))
	Indication index
	x (symbols(s))
	y (proportion of BW)
	Overhead (bits)

	1
	0
	1
	1
	14

	1
	1
	2
	1/2
	14

	1
	2
	[4,4,4,2] pattern
	[1/4,1/4,1/4,1/2] pattern
	14

	1
	3
	7
	[1/8,1/8,1/8,1/8,1/8,1/8,1/4] pattern
	14


Note: The numerology of x and y is same as the eMBB transmission (or being preempted transmission). This note is also applicable to Table 2 and Table 4.
Table 2 Pre-emption indication when N=2 configured
	N (slot(s))
	Indication  index
	x (symbol(s))
	y (proportion of BW)
	Overhead (bits)

	2
	0
	2
	1
	14

	2
	1
	4
	1/2
	14

	2
	2
	[4,4,4,2,4,4,4,2] pattern
	[1/2,1/2,1/2,1,1/2,1/2,1/2,1] pattern
	14

	2
	3
	7
	[1/4,1/4,1/4,1/2] pattern
	14



The group common DCI carrying the preemption indication is listed in Table 3 for the normal use case in sub 6 GHz bands. 
Table 3 DCI format for pre-emption indication for normal case
	Bit field
	Overhead (bits)

	CRC
	16

	Indication index (the value of x)
	2

	Pre-empted sub-blocks indication
	14

	Total
	32



Proposal 7: For the normal use case of preemption, i.e. below 6 GHz frequencies, the reference time/frequency region is divided into a fixed number of sub-blocks. Each sub-block can be addressed individually through a bitmap in the group common DCI to indicate if the time/frequency region of this sub-block has been preempted or not.
· The shape (time/frequency resources) of the sub-blocks can be dynamically indicated from a set of predefined patterns. 
· The sub-block shape is obtained by combinations {x, y} of time “x” and frequency “y” granularity.  Each combination {x, y} shall result in the same number of sub-blocks. Thus the DCI overhead is not changed for different combinations of {x, y}. 

For high frequency radio communications case
Assume BW represents the frequency region of the reference downlink resource. Also for this case, a certain number of sub-blocks in this time/frequency region could be obtained with a combination of {x, y}. For the multiple slots indication, y is suggested to span the whole frequency region in order to reduce the overhead of the PI information. For a different number of pre-empted slots, the value of x could be different in order to maintain the same overhead as much as possible. The preemption indication could be refined when the number of slots being pre-empted is small, and pre-empted indication could be coarse when the number of slots being pre-empted is large. Table 4 below shows the pre-emption indication for N=8 slots. Firstly, an N bits bitmap is used to indicate which slots are pre-empted. Then 16 bits including padding bits are used to indicate which parts are pre-empted within those pre-empted slots.
Table 4 Pre-emption indication when N=8 configured
	The number of slots being pre-empted within N slots
	Granularity x in a slot (symbol(s))
	Overhead of indication used (bits)
	Padding bits (bits)

	1
	1
	14
	2

	2
	2
	14
	2

	3
	[4,4,4,2] pattern
	12
	4

	4
	4
	16
	0

	5
	7
	10
	6

	6
	7
	12
	4

	7
	7
	14
	2

	8
	7
	16
	0


Then the group common DCI carrying the preemption indication for high frequency radio communications case is listed in Table 5 below.
Table 5 DCI format for pre-emption indication for high frequency radio communications case
	Bit field
	Overhead (bits)

	CRC
	16

	Pre-empted slots within N slots indication
	N (e.g. 4 or 8)

	Pre-empted sub-blocks in pre-empted slots indication
	16

	Total
	36 or 40 (depending on if N = 4 or 8)



Proposal 8: For the high frequency radio communications case, a bitmap can be used to indicate a subset of being pre-empted slots within the reference region and another bitmap can be further used to indicate each sub-block in the subset being pre-empted or not .
· The sub-block is obtained by combinations {x, y} and y is only corresponding to the whole frequency region.
· The value of x is implicitly obtained by the number of pre-empted slots.
2.5 HARQ-ACK feedback for preempted transmissions
Based on the preemption indication, the UE can determine which CBs are punctured and probably need to be retransmitted. However, some UEs may fail to decode the downlink preemption indication, or they do not have enough time to decode before the feedback HARQ-ACK is sent. Further, in some cases, even if a punctured transmission occurs, its impact on some UEs might be small, and it is possible for the UE to correctly decode the punctured CB anyway (for example when only a small amount of data is punctured for a CB). We think therefore, that in some cases it is not necessary for the gNB to send the preemption indication.
Regarding the Ack/Nack feedback from the UE, two cases can appear: 
Case 1 - assuming a UE is configured with a TB HARQ-ACK and the gNB is transmitting preemption indication: If a UE correctly decodes the downlink preemption information and also correctly decodes all other CBs that not have been indicated, the UE should feedback ACK. The base station can then only retransmit the indicated CBs to the UE. Only if the UE also has a decoding error in one of the non-indicated CBs, it shall send a NACK. This method can avoid the retransmission of an entire TB without the need to configure CBGs. 
Case 2 - assuming a UE is configured with a TB HARQ-ACK and the gNB is transmitting preemption indication: If a UE correctly decodes all CBs including the punctured CBs (regardless of whether the UE monitors or decodes the downlink preemption information.), the UE should feedback ACK. In this case 2 the base station does not retransmit the preempted CBs to the UE. Obviously, this method can avoid unnecessary retransmissions.
We believe that both of the above two cases can actually occur in practice. Their support can avoid unnecessary subsequent retransmission of CBs that are not preempted. When TB HARQ-ACK based feedback is applied, we may consider this optimization to increase the network efficiency. One problem that needs to be addressed in this case, if the UE feedback is ACK in both cases, how does the base station distinguish between these two kinds of ACK, i.e. how does the gNB know to either re-transmit CBs or to not re-transmit CBs? The following way can be considered to overcome this ambiguity.
· For 1 to 2 bits of HARQ-ACKs, the base station configures different resources (including different sequences / resources) for the two different cases. For example, in case 1, the UE uses the sequence 0 and the time-frequency resource 0 when the UE sends an ACK; In case 2, the UE uses the sequence 1 and the time-frequency resource 0 when the UE sends an ACK.
· For HARQ-ACKs greater than 2 bits, the base station configures the UE to transmit an additional bit when the UE sends an ACK. The one bit is used to indicate: ACK is formed according to the case 1 or case 2.
Proposal 9: When TB HARQ-ACK based feedback is applied, an optimization can be considered in order to avoid an unnecessary subsequent retransmission of CBs that are not pre-empted.
3 Conclusion
In this contribution we have discussed the preemption indication to facilitate the dynamic multiplexing of the URLLC and eMBB in the downlink. The main focus of this contribution is the dynamic indication of the granularity. The reference region is configured semi-statically. However, the characteristics of the preempting transmissions change dynamically. Different mini-slot formats both in time and frequency will be used to accommodate the different dynamically changing characteristics of the URLLC traffic. It is therefore needed to adjust the granularity of the preemption indication according to these dynamically changing conditions. A low overhead scheme with fixed DCI payload is presented to adapt the granularity according to the different agreed mini-slot formats. 
In summary we make the following proposals:    
Proposal 1: The pre-emption indication shall be known to the eMBB UE while it is processing the first transmission which could be TB-based or CBG-based.
Proposal 2：The pre-emption indication shall be transmitted at the end of the impacted eMBB or at the beginning of the next eMBB slot.
Proposal 3: The time region is configured with N slot(s) which can be equal or less than the monitoring periodicity of the group-common DCI carrying the pre-emption indication, N=1 or 2 for the normal case below 6 GHz and N=4 or N=8 for high frequency radio communications case.
Proposal 4: The frequency region is configured explicitly by RRC to refer the active DL BWPs for each UE in a group.
Proposal 5：The time granularity of pre-emption indication can be 1, 2, 4, 7 symbols.
Proposal 6: The frequency granularity of pre-emption indication can be represented as the proportion of the frequency region.
Proposal 7: For the normal use case of preemption, i.e. below 6 GHz frequencies, the reference time/frequency region is divided into a fixed number of sub-blocks. Each sub-block can be addressed individually through a bitmap in the group common DCI to indicate if the time/frequency region of this sub-block has been preempted or not..
· The shape (time/frequency resources) of the sub-blocks can be dynamically indicated from a set of predefined patterns. 
· The sub-block shape is obtained by combinations {x, y} of time “x” and frequency “y” granularity.  Each combination {x, y} shall result in the same number of sub-blocks. Thus the DCI overhead is not changed for different combinations of {x, y}.
Proposal 8: For the high frequency radio communications case, a bitmap can be used to indicate a subset of being pre-empted slots within the reference region and another bitmap can be further used to indicate each sub-block in the subset being pre-empted or not .
· The sub-block is obtained by combinations {x, y} and y is only corresponding to the whole frequency region.
· The value of x is implicitly obtained by the number of pre-empted slots.
Proposal 9: When TB HARQ-ACK based feedback is applied, an optimization can be considered in order to avoid an unnecessary subsequent retransmission of CBs that are not pre-empted
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