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1. Introduction
In RAN1 #90 meeting, following agreements were made [1]:
	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


In this contribution, we provide numerical analysis on pre-empted resources and observations based on the results. In addition, we continue to discuss how to design pre-emption indication fields for downlink. 

2. Numerical analysis of pre-empted resources
In general, gNB will schedule PDSCH for eMBB data traffic under the condition that no resources for the scheduled PDSCH are affected or preempted by another DL transmission (e.g. PDCSH of URLLC). In this case, even though pre-emption indication is used to decode PDSCH with pre-empted resources or corrupted coded bits, performance (e.g. User perceived throughput and latency) of DL transmission whose resources are partially pre-empted by another DL transmission will be degraded. According to our companion contribution [2], it is observed that as the arrival rate of URLLC packet increases, the performance loss of eMBB also increases. In our perspective, to have lower impact on eMBB DL transmission, when the large value of arrival rate of URLLC is needed to be supported, network will configure dedicated carrier only for URLLC DL transmission. 
Observation 1: As packet arrival rate of URLLC increases, performance degradation of eMBB DL transmission increases. In case, it is beneficial to allocate dedicated carrier for URLLC DL transmission when its traffic arrival rate is large.
In [2], we observed that when the arrival rate of URLLC packet is set to be 3~5 packets/second, UPT performance loss of eMBB DL transmission with pre-emption indication is 4-11% across various conditions of packet size and resource utilization of eMBB DL transmission. For numerical analysis, it is assumed that the packet arrivals of URLLC traffic follow Poisson distribution, therefore the time difference between two different packets is modeled by exponential random variable. Figure 1 shows the probability that two different packets arrive within a certain duration of time for the arrival rate of 3~4 packet/second. 
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Figure 1: Probability that two different packets arrive with certain duration of time for various condition on arrival rates. 
According to the numerical results in Figure 1, the probability that the timing different between different packet arrivals is less than 1 ms is smaller than 0.5% for arrival rate of 3~5 packets/second. In other words, in most cases, there will be up to 1 packet arrival during a single slot. 
Observation 2: Considering typical arrival rates of URLLC DL transmission, different packets would not arrive within the same slot with high probability.
Next, pre-emption indication will be carried by group-common DCI, and the monitoring periodicity of this group-common DCI could be set more than one slot. In addition, considering scheduling flexibility of pre-emption indication signalling, reference time region where a single pre-emption indication covers to indicate pre-empted resources could be more than a slot. Similarly, it can be analysed that the probability of the timing difference between two packet arrivals within certain duration of time. For example, when the arrival rate of URLLC traffic is set to be 5 packets/second and the periodicity of GC DCI is 4 ms, the probability that the time difference between two different packets’ arrival is less than the periodicity is lower than 2% as shown in Figure 1. For efficient usage of pre-emption indication, the pre-emption indication will be available at UE side at least before the retransmission. In other words, periodicity of pre-emption indication would not be considerably large value. 
Observation 3: Considering typical arrival rates of URLLC DL transmission and typical value of monitoring periodicity of GC DCI carrying pre-emption indication, different packets would not arrive within the periodicity with high probability. 
It is shown that for certain duration of time, in most cases, the number of URLLC packet arrival will be at most one. However, considering potential scheduling of retransmission for URLLC DL transmission, it is always not guaranteed that pre-empted resources occur one time during certain duration of time. In this case, multiple occurrences of pre-empted resources would be associated with the same packet. Considering latency requirements, both initial and retransmission of URLLC DL transmission could be scheduled within the same slot. Depending on the target BLER of URLLC DL transmission, this kind of pattern of pre-empted resources could be critical or corner case. 
Observation 4: Considering HARQ operation of URLLC DL transmission, both initial and retransmission of URLLC DL transmissions can be scheduled within certain duration of time (e.g. a single slot or monitoring periodicity of GC DCI including pre-emption indication).
In this section, it is analysed that possible patterns of pre-empted resources in time domain with a consideration of traffic condition, BLER/latency requirements. Based on the possible patterns to be targeted for pre-empted resources, it can be considered to efficiently design contents of pre-emption indication. 

3. Contents of group-common DCI including pre-emption indication
3.1. Aspects of group-common DCI design
Group-common DCI can be used to transmit scheduling information of broadcasting message, paging, TPC, and pre-emption indication. If the each message is transmitted separate group-common DCI, it may cause excessive number of reserved resources for potential transmission of group-common DCI, or it will cause scheduling restriction on group-common DCI due to lack of candidates. Furthermore, transmitting multiple small packets could lead high CRC overhead. In this case, pre-emption indication could be skipped due to the limited chance of group-common DCI transmission. To alleviate this problem, it can be considered that a single group-common DCI carries multiple types of information. For instance, TPC for a group of UE can be transmitted together with pre-emption indication.
Observation 5: It is necessary to investigate whether or not the chance to transmit group-common DCI carrying pre-emption indication is sufficient compared to other group-common DCI. 

Proposal 1: Study whether or how to transmit pre-emption indication together with other group-common DCI on the same PDCCH.

Alternatively, it can be considered to allow multiple chances to transmit pre-emption indication for the same pre-empted resources. In this case, when gNB is too busy to transmit pre-emption indication in a certain slot, it is possible to postpone transmission of pre-emption indication in the next chance. To be specific, even if monitoring periodicity of group-common is set to be a single slot, the reference time region for pre-emption indication could be more than a slot. 

3.2. Time-domain region of reference DL resources
Meanwhile, considering usefulness of pre-emption indication, it may need to be transmitted at least before UE tries to decode retransmission of DL transmission with pre-empted resources. Otherwise, it would be a waste of DL resources since UE may fail to decode retransmission(s) due to the corrupted bits in a buffer. Alternatively, gNB can schedule retransmission after transmitting pre-emption indication, but it will cause performance degradation in terms of latency and throughput. In this case, the reference time region for pre-emption indication needs to have upper limit. For simplicity, the upper limit could be HARQ RTT (round-trip-time) or HARQ-ACK timing. However, considering dynamic and UE-specific HARQ RTT or HARQ-ACK timing, the default value (e.g. minimum or maximum) of HARQ RTT or HARQ-ACK timing can be used. In case, reference time region could be implicitly configured by following approaches:
· Option 1: Reference time region is set to be equal to or greater than monitoring periodicity of group-common DCI carrying pre-emption indication, denoted by P. 
· If P is greater than a certain threshold X, the reference time region is set to be P. Otherwise, the reference time region is set to be Y. FFS: the value of X and Y.
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Figure 2: Example of reference time region aligned with monitoring periodicity of group-common DCI carrying pre-emption indication. 
· Option 2: Reference time region is set to be equal to reference HARQ RTT. 
· FFS: Reference HARQ RTT is given by HARQ RTT for CSS or minimum HARQ RTT. 
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Figure 3: Example of reference time region aligned with HARQ RTT. 
· Option 3: Reference time region is set to be equal to reference HARQ-ACK timing. 
· FFS: Reference HARQ RTT is given by the HARQ-ACK timing for CSS or minimum HARQ-ACK timing.
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Figure 4: Example of reference time region aligned with HARQ-ACK timing. 
For simplicity, the reference time region for pre-emption indication could be set to be equal to the periodicity so that there is no coverage hole for pre-emption indication. Meanwhile, when the periodicity is configured to be small value, it would be beneficial in terms of network flexibility to have multiple chances to transmit pre-emption indication for the same pre-empted resources as in Option 1. In this approach, when the periodicity is set to be large value, the DCI overhead could be excessively large. 
Alternatively, as in Option 2 and Option 3, the reference time region for pre-emption indication could be defined regardless of the periodicity of group-common DCI carrying pre-emption indication. In this case, even though the periodicity is set to be large value, the DCI overhead would be small enough. However, some portion of DL resources cannot be indicated as pre-empted resources. In our perspective, as mentioned earlier, when the timing difference between pre-empted resources and pre-emption indication is too large (e.g. larger than HARQ RTT), the performance gain of DL transmission with pre-emption indication would be marginal compared to DL transmission without pre-emption indicaiton. In addition, in case of Option 3, it can be considered that HARQ-ACK feedback is updated based on pre-emption indication. 
Proposal 2: The time-domain region of the reference downlink resource for pre-emption indication is given by following options:
· Option 1: The time-domain region is equal to monitoring periodicity of group-common DCI carrying pre-emption indication if the periodicity is greater than X. Otherwise, the time-domain region is equal to Y. 
· FFS: the value of X and Y. 
· Option 2: The time-domain region is equal to reference HARQ RTT.
· FFS: Reference HARQ RTT is given by HARQ RTT for CSS or minimum HARQ RTT.
· Option 3: The time-domain region is equal to reference HARQ-ACK timing.
· FFS: Reference HARQ RTT is given by HARQ-ACK timing for CSS or minimum HARQ-ACK timing.

3.3. Pre-emption indication in time-domain
To design pre-emption indication efficiently, it is necessary consider the size of the reference time region, DCI overhead, patterns of pre-empted resources to be indicated. In this case, pre-emption indication in time-domain could have following options:
· Option 1: Bitmap indicates pre-empted resource(s) within reference time region. 
· Option 2: Set of patterns indicates pre-empted resource(s) within reference time region. 
· Pattern can indicate up to N occurrences of pre-empted resources within reference time region. 
· Option 3: Support 2-step procedure for pre-emption indication. First step is to indicate slot which contains first occurrence of pre-empted resource(s) within reference time region. Second step is to indicate symbol group corresponding to pre-empted resource(s) within the indicated slot(s). 
· 1st Step: One of slots within reference time region is selected to indicate first occurrence of pre-empted resources. 
· Second step:
· Option 3-1: Bitmap is used to indicate which symbol group contains pre-empted resources within M slots from the indicated slot. 
· Option 3-2: Pattern could indicate up to N timing of pre-empted resources within M slots from the indicated slot. 
· Option 4: Support 2-step procedure for pre-emption indication. 
· 1st Step: Bitmap is used to indicate slots containing pre-empted resources within reference time region. 
· 2nd Step: Bitmap is used to indicate symbol group containing pre-empted resources within a slot, and this information is commonly applied to the indicated slot in the 1st step.
Regarding Option 1, depending on the reference time region, DCI overhead for pre-emption indication could be too burden. Alternatively, time-domain granularity can increases for DCI overhead reduction, but it will cause DL throughput performance loss due to the unnecessary flushing of coded bits. Considering typical patterns of pre-empted resources, DCI overhead for pre-empted resources could be highly reduced as in other options. Since for given duration of time, in most cases, the number of occurrence of pre-empted resources will be bounded to a certain value. Therefore, instead of bitmap, some set of patterns could be used to indicate pre-empted resources with a reasonable DCI overhead. According to the numerical analysis, when the reference time region is small enough, there is at most one occurrence of pre-empted resources within the reference time region. In this case, DCI overhead for pre-emption indication could be further reduced as in Option 3 and 4. For instance, when the patterns to be indicated is limited to one occurrence within 4 slots, the required bit field size can be 5 bits. However, in this case, it would not be sufficient for the case where both initial and retransmission of URLLC DL transmission are scheduled within the reference time region. Alternatively, multiple group-common DCI carrying pre-emption indication could be sent to indicate each pre-empted resource. Instead, this approach would be beneficial when the pre-emption indication is transmitted together with other group-common DCI(s). 
Table 1 summarizes the required bit field size for pre-emption indication in time domain when the time-domain granularity is set to be 2 symbols. 
Table 1: Bit field size for pre-emption indication in time-domain with time-domain granularity of 2 symbols.
	Option \ Reference time region
	1
	2
	4
	8

	Option 1
	7
	14
	28
	56

	Option 2 with N=2
	5
	7
	9
	11

	Option 2 with N=3
	6
	9
	12
	15

	Option 3-1 with M=1
	7
	8
	9
	10

	Option 3-1 with M=2
	N/A
	15
	16
	17

	Option 3-2 with N=1, M=1
	3
	4
	5
	6

	Option 3-2 with N=2, M=1
	5
	6
	7
	8

	Option 3-2 with N=2, M=2
	N/A
	7
	9
	10

	Option 3-2 with N=3, M=2
	N/A
	9
	11
	12

	Option 4
	7
	9
	11
	15


Observation 6: Pre-emption indication in time-domain needs to be designed considering DCI overhead, and typical patterns of pre-empted resources.

Proposal 3: Pre-empted resources in time-domain are indicated following procedures:
· 1st Step: One of slots within reference time region is selected to indicate first occurrence of pre-empted resources.
· 2nd Step: Pattern could indicate up to N timing of pre-empted resources within M slots from the indicated slot.
· FFS: value(s) of N and M. 

3.4. Frequency-domain region of reference DL resources
In general, group-common DCI carrying pre-emption indication will be monitored by multiple UEs, and these UEs could have different configuration on bandwidth part. In other words, even though CORESET associated with group-common DCI carrying pre-emption indication can be the same across multiple UEs, bandwidth part to be used for PDSCH transmission would be different in terms of starting/ending index and the size of bandwidth part. Furthermore, pre-empted resources can be associated with multiple URLLC UEs, therefore, frequency region of pre-empted resources could be different. In those points of views, it is necessary that gNB configures frequency region of reference DL resources for pre-emption indication explicitly to cover multiple UEs associated with pre-empted resources and multiple UEs monitoring the same group-common DCI carrying pre-emption indication. 
Proposal 4: Frequency region of reference DL resources for pre-emption indication is explicitly configured based on common PRB indexing. 

3.5. Pre-emption indication in frequency-domain
The design of pre-emption indication in frequency domain would need to consider how gNB schedules PDCCH and PDSCH for URLLC DL transmissions. To be specific, it is necessary to consider packet size of URLLC data, CORESET configuration to be used for URLLC PDCCH transmission, BLER requirements of URLLC PDCCH/PDSCH, and the impact on eMBB DL transmission due to the pre-empted resources. Furthermore, DCI overhead needs to be taken into account. Considering BD attempts, group-common DCI carrying pre-emption indication shall have the same size compared to other group-common DCI. Followings are options for pre-emption indication in frequency-domain: 
· Option 1: Pre-empted resources in frequency domain are equal to the reference frequency region. 
· Option 2: Pre-empted resources in frequency domain are given by bitmap within the reference frequency region.
· Option 3: Pre-empted resources in frequency domain are given by starting index and ending index within the reference frequency region.
In case of Option 1, pre-emption indication does not need to have indication field for frequency-domain resources. However, if the actual pre-empted resources in frequency domain are much smaller than the reference frequency region, it may cause DL performance loss of eMBB DL transmission due to the unnecessary flushed coded bits in a buffer. In Option 2, it would be beneficial for the case where PDCCH and PDSCH for URLLC are non-contiguously allocated in frequency-domain to achieve frequency diversity. Instead, in general, it can increase DCI overhead. Alternatively, pre-emption indication can indicate contiguous frequency-domain resources. 
In our view, since the size of group-common DCI carrying pre-emption indication may need to be aligned with other group-common DCI, it is necessary to carefully investigate whether the pre-emption indication is separately transmitted from other group-common DCI or not, and how many bits are available for the pre-emption indication. For instance, if the pre-emption indication will be transmitted with other group-common DCI on the same PDCCH, pre-emption indication may consist of only time-domain indication field. As another example, if the pre-emption indication will be transmitted by separate PDCCH and the bit field size of time-domain indication is small, remaining bits can be used for frequency-domain indication. At least, if the explicit indication field for frequency-domain resources is supported, it is necessary to how to perform indexing or numbering of frequency resources for a group of UEs. 
Observation 7: It is necessary to carefully design pre-emption indication in frequency domain considering overall bit field size of group-common DCI, and how PDCCH/PDSCH of URLLC are mapped on physical resources.
Proposal 5: The size of group-common DCI carrying pre-emption indication is the same as the size of group-common DCI without pre-emption indication. 

4. Conclusion
In this contribution, we discuss pre-emption indication design for downlink. Our observations and proposals are as follows:
Observation 1: As packet arrival rate of URLLC increases, performance degradation of eMBB DL transmission increases. In case, it is beneficial to allocate dedicated carrier for URLLC DL transmission when its traffic arrival rate is large.
Observation 2: Considering typical arrival rates of URLLC DL transmission, different packets would not arrive within the same slot with high probability.
Observation 3: Considering typical arrival rates of URLLC DL transmission and typical value of monitoring periodicity of GC DCI carrying pre-emption indication, different packets would not arrive within the periodicity with high probability. 
Observation 4: Considering HARQ operation of URLLC DL transmission, both initial and retransmission of URLLC DL transmissions can be scheduled within certain duration of time (e.g. a single slot or monitoring periodicity of GC DCI including pre-emption indication).
Observation 5: It is necessary to investigate whether or not the chance to transmit group-common DCI carrying pre-emption indication is sufficient compared to other group-common DCI. 
Observation 6: Pre-emption indication in time-domain needs to be designed considering DCI overhead, and typical patterns of pre-empted resources.
Observation 7: It is necessary to carefully design pre-emption indication in frequency domain considering overall bit field size of group-common DCI, and how PDCCH/PDSCH of URLLC are mapped on physical resources.
Proposal 1: Study whether or how to transmit pre-emption indication together with other group-common DCI on the same PDCCH.
Proposal 2: The time-domain region of the reference downlink resource for pre-emption indication is given by following options:
· Option 1: The time-domain region is equal to monitoring periodicity of group-common DCI carrying pre-emption indication if the periodicity is greater than X. Otherwise, the time-domain region is equal to Y. 
· FFS: the value of X and Y. 
· Option 2: The time-domain region is equal to reference HARQ RTT.
· FFS: Reference HARQ RTT is given by HARQ RTT for CSS or minimum HARQ RTT.
· Option 3: The time-domain region is equal to reference HARQ-ACK timing.
· FFS: Reference HARQ RTT is given by HARQ-ACK timing for CSS or minimum HARQ-ACK timing.
[bookmark: _GoBack]Proposal 3: Pre-empted resources in time-domain are indicated following procedures:
· 1st Step: One of slots within reference time region is selected to indicate first occurrence of pre-empted resources.
· 2nd Step: Pattern could indicate up to N timing of pre-empted resources within M slots from the indicated slot.
· FFS: value(s) of N and M. 
Proposal 4: Frequency region of reference DL resources for pre-emption indication is explicitly configured based on common PRB indexing. 
Proposal 5: The size of group-common DCI carrying pre-emption indication is the same as the size of group-common DCI without pre-emption indication. 
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