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Introduction
The followings are the agreements on preemption indication in the last meeting[1].
	Agreements:
· The time duration of the reference downlink resource for pre-emption indication equals to the monitoring periodicity of the group-common DCI carrying the pre-emption indication 
· In TDD, at least the semi-statically configured UL symbols are excluded from the reference downlink resource
· Note: This means the reference downlink resource only includes the DL or unknown symbols given by semi-static configuration within the semi-statically configured time duration of the reference downlink resource.
· FFS for the handling of reserved resource especially at RE level

Agreements:
· For minimum monitoring periodicity of pre-emption indication:
· At least slot level monitoring periodicity of preemption indication is supported
· FFS to additionally support other cases (e.g. non-slot level monitoring)

Agreements:
· For slot level monitoring periodicity, UE is not required to monitor preemption indication for a slot in which PDSCH is not scheduled
· UE is not required to monitor preemption indication in DRX slots
· UE is not required to monitor preemption indication for the deactivated DL BWP
· Note: not necessarily all of the above bullets will have spec impacts

Agreements:
· The HARQ timeline for a PDSCH transmission is not affected by preemption indication. 

Agreements:
· No concensus to introduce an explicit RRC configuration for frequency region of the reference downlink resource for pre-emption indication in Rel-15
· (working assumption) the frequency region of the reference downlink resource for pre-emption indication is the active DL BWP

Agreements:
· A fixed payload size (excluding CRC and potential reserved bits) of the group-common DCI carrying the downlink pre-emption indication (PI), in the format of a bitmap is used to indicate preempted resources within the semi-statically configured DL reference resource
· The bitmap indicates for one or more frequency domain parts (N>=1) and/or one or more time domain parts (M>=1)
· There is no RRC configuration involved in determining the frequency or time-domain parts
· The following combinations are supported and predefined {M, N} = {14, 1}, {7, 2}
· A combination of {M, N} from this set of possible {M, N} is indicated 1bit by RRC configuration for a UE



Based on the above agreements and the remaining issues in the offline summary document [2], we introduce our views on preemption indication in this contribution.

Remaining Issues
Bitmap for preemption indication
According to the previous agreements, there are two predefined time and frequency granularities {M, N} = {14, 1}, {7, 2}. One of the two granularities will be indicated by 1 bit RRC signaling. Under the selected granularity, the preempted time and/or frequency resources will be indicated by a bitmap in a group-common PDCCH for preemption indication. However, the details of bitmap have not discussed yet. The size of group-common DCI carrying the downlink preemption indication should be fixed regardless of time/frequency granularity. Therefore the payload size of bitmap for indicating the preempted time and/or frequency parts should be fixed as 14 bits. In case of {M, N} = {14, 1} each bit can indicate each time domain part respectively as shown in Figure 1 (a). In case of {M, N} = {7, 2}, two alternatives can be considered. 
· Alt 1-1: first 7 bits indicate each symbol group in the time domain and then last 7 bits indicate one of the two frequency parts at the selected symbol group.
· Alt 1-2: each bit indicates time and frequency part jointly as shown in Figure 1 (b).



[bookmark: _Ref498593609]Figure 1. Examples of bitmap for preemption indication
In case of {M, N} = {7, 2}, we prefer to Alt 1-2 since Alt 1-1 cannot indicate the entire frequency region at a given symbol group in time domain. Even in Alt 1-2, there will be two options. The first one is time-first mapping and the second one is frequency-first mapping. Either way will be fine although Figure 1 (b) shows the frequency-first mapping. The bitmap ordering can be different from Figure 1.

Proposal 1: In case of {7, 2}, each bit indicates time and frequency part jointly (Alt 1-2).

Multi-slots monitoring
For minimum monitoring periodicity of preemption indication, it has been agreed that at least slot level monitoring periodicity of preemption indication is supported. Since the minimum monitoring periodicity of preemption indication is a slot level, multi-slots monitoring should be also supported. Since a fixed payload size of the group-common DCI carrying the downlink preemption indication is already agreed, it is not desirable to increase the payload size according to the monitoring periodicity. With the multi-slots monitoring periodicity considering the fixed payload size for preemption indication, two alternatives can be considered.
· Alt 2-1: the number of OFDM symbols in a group is increased as the monitoring periodicity is increased. For example, in case of {14, 1} the number of OFDM symbols in a group will be one with one slot monitoring periodicity. The number of OFDM symbols will be increase into Y when the monitoring periodicity is increased from 1 slot to Y slots. In case of {7, 2} the number of OFDM symbols in a group is also increased proportionally as the monitoring periodicity is increased.
· Alt 2-2: Additional bits for indicating slots are introduced in order to support multi-slots monitoring periodicity. If the maximum number of slot for monitoring is K, K bits are added on top of the fixed 14 bits. The K bits can indicate each slot within the monitoring periodicity. When the monitoring periodicity is less than K, e.g., X < K, only X LSB of K bits can be used to indicate monitoring slots as shown in Figure 2.


[bookmark: _Ref498618088]Figure 2. Additional bits for multi-slots monitoring
In case of Alt 2-1, since the number of OFDM symbol in a group is increased as the monitoring periodicity increases, the fine time granularity cannot be supported with long monitoring periodicity e.g., more than 1 slot. For example, when the monitoring periodicity is 4, the number of OFDM symbols in a group is 4 in case of {14, 1}. In this case, each bit indicates 4 OFDM symbols group. Even in the case that only one of the four OFDM symbols in the group is preempted, all OFDM symbols in the group will be indicated as preempted symbols. If the shorter monitoring periodicity is set in order to support fine time granularity, the complexity will be increased due to more frequent monitoring of preemption indication. In case of Alt 2-2, with additional K bits, the same fine granularity can be maintained regardless of the monitoring periodicity. Even in the case that the preemption event is very intermittently occurred, one OFDM symbol granularity for preemption indication with {14, 1} configuration can be kept with the longer monitoring periodicity than 1 slot. If the preemption events are occurred in multiple slots during the monitoring periodicity, all corresponding slots will have the same bitmap pattern which can be union of the corresponding slots as shown in Figure 3.


[bookmark: _Ref498621970]Figure 3. Example of preemption indication for multiple slots
Figure 3 shows an example of Alt 2-2 where K = 4 and X = 2. In Figure 3, both slots have the same bitmap pattern and both have unnecessary preempted resources (13th symbol in the first slot and 8th symbol in the second slot) due to the union of preempted patterns in both slots. It will cause performance loss and inefficient resource utilization. However, it will be smaller than Alt 2-1 under the same assumption. In order to reduce the performance loss and inefficient resource utilization further, gNB can delay the preemption event as long as the latency requirement is satisfied (refer to “Delayed preemption” in Figure 3). Therefore, we prefer to Alt 2-2 for multi-slots monitoring periodicity rather than Alt 2-1.

Proposal 2: For multi-slots monitoring periodicity, additional bits for indicating slots are introduced and bitmap is the union of preemption indication patterns in multiple slots (Alt 2-2).

Preemption of reference signal
How to handle the case when DL reference signal (e.g., DMRS, CSI-RS, etc) is preempted is one of the remaining issues. In case of the front-loaded DMRS, the location of starting symbol of the front-loaded DMRS will be informed by NR-PBCH. Then the remaining information for DMRS configuration (e.g., type 1/2, the number of symbols according to the number of antenna ports, additional DMRS, etc.) will be informed by UE-specific RRC signaling. At least the location of starting symbol will be common for all UEs (within a cell/BWP). If the front-loaded DMRSs of UEs are preempted, the corresponding UEs cannot conduct the channel estimation for data demodulation unless additional DMRS configured. Therefore, we propose to avoid at least the preemption of the front-loaded DMRS. However, depending on the configurations of the front-loaded DMRS and time and frequency granularity for preemption, the details of UE behavior need to be defined.


[bookmark: _Ref494628847]Figure 4. Handling of preemption of front-loaded DMRS
When {14, 1} configured, the preemption of front-loaded DMRS can be avoided regardless of the front-loaded DMRS configurations as shown in Figure 4 (1-a) ~ (1-d).  When {7, 2} configured, UE behavior can be different depending on the front-loaded DMRS configuration. In the case when the number of OFDM symbols for the front-loaded DMRS is one, only part of time resource for preemption will be occupied by the DMRS and the remaining part can be used for URLLC data transmission with rate-matching since the available resource is reduced by the DMRS as shown in Figure 4 (2-a) and (2-b). If the configured number of OFDM symbols for the front-loaded DMRS is two, there can be two separate behaviors. When the starting symbol of DMRS is aligned with the starting symbol of preemption, the entire time resource can be avoided for preemption as shown in Figure 4 (2-c). However, if the starting symbol of DRMS is not aligned with the starting symbol of preemption, the remaining part of time resource can be used for preemption with rate-mating of URLLC data as shown in Figure 4 (2-d). Therefore, we propose the following behaviors depending on the configurations for the front-loaded DMRS and time and frequency granularity of preemption.

Proposal 3: For handling of preemption of the front-loaded DMRS, the following UE behaviors should be defined.
· In case of {14, 1}, the preemption of the front-loaded DMRS should be avoided regardless of the DMRS configurations.
· In case of {7, 2},
· When the number of OFDM symbols for the DMRS is one, rate-matched URLLC data can be transmitted.
· When the number of OFDM symbols for the DMRS is two, 
· If the starting OFDM symbol for DMRS is aligned with the starting OFDM symbol for preempted resource, the preemption of the front-loaded DMRS should be avoided.
· If the starting OFDM symbol for DMRS is NOT aligned with the starting OFDM symbol for preempted resource, rate-matched URLLC data can be transmitted.

Of course, the DMRS configuration is UE-specific. Within the same BWP, all UE configurations can be different to each other. Therefore, gNB can apply the rate-matching for URLLC data transmission only in the limited scenario where e.g., all UEs within the BWP have the same number of OFDM symbols for the front-loaded DMRS.

Even in the DMRS OFDM symbol, if the number of antenna ports and type of DMRS are the same, additional frequency resources can be used for URLLC data transmission.


[bookmark: _Ref498691623][bookmark: _GoBack]Figure 5. Example additional rate-matching on the front-loaded DMRS symbol
If the number of antenna ports is small in both DMRS types (e.g., for 1-symbol front-loaded DMRS, 1 or 2 in type 1 and 1~4 in type 2), a part of frequency resources is used for the DMRS transmission. In this case, the remaining part can be used for URLLC data transmission. As mentioned before, since all UEs’ DMRS configurations can be different to each other, it will be applicable to only the case when all UEs’ DMRS configurations are the same. In addition to that, the same DMRS pattern should be assumed on the entire frequency region including the region where actually DMRS is not transmitted as shown in Figure 5. If not, the signaling overhead to inform the flexible patterns of DMRS on entire frequency region will be considerable. The information whether rate-matching is applied should be delivered through the scheduling information for URLLC data.

Proposal 4: Additional rate-matching on the front-loaded DMRS symbol should be considered.

It seems that the preemption of other reference signals such as additional DMRS, CSI-RS, etc., can be allowed since preventing of preemption of those reference signals may cause too many restrictions on the available resources for preemption.

Summary
In this contribution, we made the following proposals.
Proposal 1: In case of {7, 2}, each bit indicates time and frequency part jointly (Alt 1-2).
Proposal 2: For multi-slots monitoring periodicity, additional bits for indicating slots are introduced and bitmap is the union of preemption indication patterns in multiple slots (Alt 2-2).
Proposal 3: For handling of preemption of the front-loaded DMRS, the following UE behaviors should be defined.
· In case of {14, 1}, the preemption of the front-loaded DMRS should be avoided regardless of the DMRS configurations.
· In case of {7, 2},
· When the number of OFDM symbols for the DMRS is one, rate-matched URLLC data can be transmitted.
· When the number of OFDM symbols for the DMRS is two, 
· If the starting OFDM symbol for DMRS is aligned with the starting OFDM symbol for preempted resource, the preemption of the front-loaded DMRS should be avoided.
· If the starting OFDM symbol for DMRS is NOT aligned with the starting OFDM symbol for preempted resource, rate-matched URLLC data can be transmitted.
Proposal 4: Additional rate-matching on the front-loaded DMRS symbol should be considered.
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