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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, two aspects of downlink preemption indication (DL PI) are discussed and necessary corrections to the Rel-15 38.213 are proposed. The first issue is related to the indication of preempted resources and the signaling to identify the reference region. The second issue is related to the support of services with different reliability requirements in the same UE. 
1. The current wording of the specification gives the impression that the time domain reference resources for DL PI are indicated by the DCI. This is not correct. According to the agreements, the reference resources are implicitly obtained from high layer signaling. 
2. In the very last meeting of Rel15, in RAN1#93, it was agreed to have a special handling of data that is supposed to be received with very high reliability. The new MCS table that is designed for BLER = 1e-5, is dynamically indicated through the usage of the new RNTI. When a UE supports different services with different reliability requirements (e.g. eMBB/URLLC) and is receiving DL PI, it may assume that there is no transmission in the resources indicated by DL PI. Thus, the received high reliability data which is located in the resources indicated by the DL PI may be flushed. This would be fatal for the reception of high reliable data and is therefore not desired. In this contribution, it is discussed how to protect transmissions that are intended to be received with a high reliability (e.g. URLLC).
[bookmark: _Ref129681832]Discussion
Correction on reference resource signaling
In the RAN1#90b meeting, it has been agreed that the PI carried in the group-common DCI indicates the preempted resources within the semi-statically configured DL reference resource:
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
In the RAN1#91 meeting, it has been agreed that the region of Reference Downlink Resource (RDR) is implicitly derived from the active DL BWP (frequency domain) and the PI monitoring periodicity (time domain):
Agreements:
· Confirm the following working assumption in RAN1#90bis
· The frequency region of the reference downlink resource for pre-emption indication is the active DL BWP
Agreements:
· When a PI is detected, the time location of the corresponding reference DL resource (RDR) is determined by:
· The RDR starts at the 1st symbol of the previous CORESET for PI monitoring and ends right before the current CORESET at which the PI is detected. 

The current specification 38.213, section 11.2, however, gives the impression that the region of RDR itself is indicated by the DCI. This is not correct. In current 38.213 [1], it is written “If a UE detects a DCI format 2_1 for a serving cell from the configured set of serving cells, the UE may assume that no transmission to the UE is present in PRBs and in symbols, from a set of PRBs and a set of symbols of the last monitoring period, that are indicated by the DCI format 2_1.” 
In the above sentence it is said that the set of PRBs and set of symbols are indicated by the DCI:
· “from a set of PRBs and a set of symbols of the last monitoring period, that are indicated by the DCI” 
According to the agreements, the RDR is implicitly derived and not indicated. We suggest to reorder the wording in the specification to align it with the agreements:
“If a UE detects a DCI format 2_1 for a serving cell from the configured set of serving cells, the UE may assume that no transmission to the UE is present in PRBs and in symbols that are indicated by the DCI format 2_1, from a set of PRBs and a set of symbols of the last monitoring period.”
The same issue can be found in another text passage in section 11.2 of 38.213. It says that the “set of symbols” is indicated by the DCI. However, the “set of symbols” is referring to the reference region which is implicitly derived from the monitoring occasions. The DCI does not indicate the set of symbols, it just indicates which symbol(s) out of the set of symbols are preempted. In 38.213 it is written as: 

“If a UE detects a DCI format 2_1 in a PDCCH transmitted in a control resource set in a slot, the set of symbols indicated by a field in DCI format 2_1 includes the last  symbols”, 
The “the set of symbols” refers to the time region of the RDR which is implicitly derived from high layer signaling. In order to align the specification with the agreements, the corresponding text should be revised to:

“If a UE detects a DCI format 2_1 in a PDCCH transmitted in a control resource set in a slot, the set of symbols is the last  symbols prior to the first symbol of the control resource set in the slot …”
Observation 1: The signaling of the reference region for Downlink Preemption Indication is not captured correctly in the specification. The specification gives the impression that the reference region is dynamically indicated. But according to the agreements, the reference region is obtained implicitly from high layer signaling.
Proposal 1: Adopt Text Proposal A from the Appendix to align the specification text with the agreements. 
· The “set of symbols” refers to the downlink reference resources and is implicitly derived from higher layer signaling and not indicated by DCI as the current specification text would suggest.   

Correction on flushing of high-reliability data when supporting transmissions with different requirement
Problem Description
It has been agreed for Rel15 to support dynamic multiplexing on DL shared resources between transmissions with different requirements. 

Observation 2: In Rel15, dynamic multiplexing on DL shared resources between transmissions with different requirements shall be supported. 

To facilitate this functionality, two agreements have been made, one about Downlink Preemption Indication (DL PI) during Phase 1 of Rel15 and another one in RAN1#93 about the dynamic scheduling/switching between high reliability transmissions using the new MCS  and transmissions using the other MCS table.

DL PI is an essential function in NR. In the SI there was an enormous support for its introduction and RAN1 spent substantial time on it, both during the SI and during the WI phase. DL PI is needed to secure the performance of preempted transmissions (e.g. eMBB). Without DL PI an efficient multiplexing of transmissions with different requirements, such as for eMBB and URLLC services, cannot be guaranteed. This is the case regardless whether the multiplexing is between different UEs or within the same UE, the eMBB performance shall be secured.

Observation 3: Downlink preemption indication is essential for multiplexing transmissions with different requirements on DL shared resources. It secures the performance of the preempted transmission. 

When the agreement for DL PI was made, the URLLC design was still open. Thus, it was not clear at that time how high reliability traffic would be handled. Therefore, the specification text that captured the DL PI could not consider all the details about the preempting (e.g. URLLC) transmission. The specification for the DL PI was written from the perspective of the preempted (e.g. eMBB) transmission.

In the last two meetings, the details for the high reliability transmission have been defined:
· In RAN1#92b it has been concluded that a dedicated MCS table is needed for the transmission of data with very high reliability (BLER target = 1e-5).
· In RAN1#93 it has been concluded that the gNB shall be able to dynamically instruct the UE to switch between the new MCS table and the other MCS table. Thus, it shall be capable of dynamical switching between transmissions with different reliability requirements. The MCS table is identified by a new RNTI. Thus, for the case of dynamic switching on shared resources, it is possible for the UE to distinguish the traffic with the different reliability requirements.  

The problem with the current specification of DL PI is that the gNB would not configure DL PI for a UE that supports reception of transmissions with different requirements. The reason is explained below:

Downlink Preemption Indication is captured in 38.213 as follows [1]:
 “If a UE detects a DCI format 2_1 for a serving cell from the configured set of serving cells, the UE may assume that no transmission to the UE is present in PRBs and in symbols, from a set of PRBs and a set of symbols of the last monitoring period, that are indicated by the DCI format.” 
According to the above specification, a UE which detects DL PI may disregard the whole indicated region. This implies that it also would flush out potential high reliability traffic that is intended for itself. This can be the case both regardless if it currently is receiving any other transmission or not. If a UE is supporting two services and monitoring DL PI to secure the performance of one of them, then the other transmission for can be flushed out upon reception of DL PI. 
This issue is also addressed by other companies e.g. in the contributions [2] and [3]. 
For example in the upper drawing of Fig.1 below, in the same UE, the data with “normal” reliability is preempted by a very high reliability transmission targeting for a BLER of 1e-5. The UE is monitoring DL PI to protect the performance of the transmission with “normal” reliability. Then, the DL PI can trigger the UE to flush the data in the indicated resources. Thus, the UE would flush out its own high reliability transmission, since resources in the shadowed region are indicated as “no transmission” in the PI. The same will also happen when the UE is not currently receiving any data with “normal reliability, as shown on the lower drawing of Fig.1. UE1 is supporting multiple services and montoring DL PI to protect one of the services. UE2 gets preempted by a high relaibility transmission to UE1. But since UE1 also is monitoring DL PI, it will flush out its own data. 

 
[image: ]
Figure 1:  Resources carrying high reliability data are indicated as “no transmission”. A UE that is configured to monitor DL PI might flush out its own data.
Observation 4: If a UE is supporting services with different reliability requirements and monitoring DL PI, it might flush out its own “high-reliability” data. 
If the UE would flush its own data, one transmission opportunity is missed and the gNB has to reschedule this packet. This is would be fatal for highly reliable transmissions that usually also require a very low latency.  For example, in FDD, 60 kHz SCS, there exist only 2~3 transmission opportunities to meet the latency requirement for URLLC services that naturally demand low latency and high reliability. For TDD, there may be only 1 transmission opportunity [4]. Thus, utilizing every transmission opportunity is very critical.
Observation 5: If a UE deletes its own transmissions, then, this will be fatal for the performance of the high reliability transmission, its performance will be degraded severely.
Therefore, as written in the beginning of section, we conclude that the gNB cannot “dare” to configure monitoring of preemption indication for a UE that is supporting both the reception of transmissions with different reliability requirements (e,g, URLLC and eMBB). As a result, the performance of other traffic (e.g. eMBB) would degrade seriously.
Observation 6: With the current specification 38.213 [1], a UE cannot properly support the reception of data with different reliability requirements.
· If the reception performance of the high reliability traffic shall not be severely impacted, the UE cannot be configured to monitor DL PI
· If DL PI is not monitored, the reception of the data with normal reliability is heavily degraded.  
In our view, the concurrent support of services with different reliability requirements is a key component of Rel15 and shall be supported. All the tools to achieve this are already there and the required spec impact is very small.
Protecting the high reliability transmission
In RAN1#93, a new RNTI has been agreed. This RNTI uses the new MCS table which has been designed for high reliability with a target BLER of 1e-5. It will primarily be used for URLLC.
	Agreements:
· For URLLC, for grant-based transmissions, introduce one RRC parameter for configuring a new RNTI.
· When the new RNTI is not configured, existing RRC parameter mcs-table is extended to select from 3 MCS tables (existing 64QAM MCS table, existing 256QAM MCS table, new 64QAM MCS table). 
· When mcs-table indicates the new 64QAM MCS table:
· For DCI format 0_0/1_0 in CSS, existing 64QAM MCS table is used.
· For DCI formats 0_0/1_0/0_1/1_1 in USS, new 64QAM MCS table is used. 
· Otherwise, follow existing behaviour.
· Note: the configuration for DL and UL is separate
· When the new RNTI (via RRC) is configured, RNTI scrambling of DCI CRC is used to choose MCS table:
· If the DCI CRC is scrambled with the new RNTI, the new 64QAM MCS table is used; otherwise, follow existing behaviour. 



Transmissions that are using the new MCS table are intended to have a very high reliability (BLER 1e-5) and shall therefore not be flushed out. These transmissions shall be protected.
As we mentioned in the previous section, when the DL PI was captured in the specification, how to handle high reliable traffic was still open. Therefore, when the specification for DL PI was written, the details of high reliability traffic could not be considered. But both DL PI and the dynamic switching between transmissions with different reliability requirements are intended for the same use case, i.e. the support of services with different requirements, and they are needed at the same time. With the introduction of the new RNTI in RAN1#93, the UE has the possibility to exclude transmissions with very high reliability requirements from being flushed out. The specification should be updated accordingly. This allows that UL PI monitoring can be configured without risking a negative impact on the high reliability transmissions and the support of services with different requirements can be properly supported. 
Observation 7: PDSCH transmissions using the new MCS table require very high reliability. With the introduction of the new RNTI, the UE can have the possibility to distinguish between high-reliability and other transmissions. This allows to exclude the high reliability transmissions from being flushed out. DL PI monitoring could therefore be configured without risking an impact on the reception performance of the high reliability transmission. Thus, multiplexing of transmissions with different reliability requirements can be properly supported.   
Proposal 2: Align the agreements for DL PI and dynamic scheduling of high-relaibility transmisison.
· This enables a proper support of multiplexing transmissions with different reliability requirements. 
· Adopt Text Proposal B from the Appendix to protect transmissions that are aiming for very high reliability from DL PI. The specification text in 38.213 related to the UE behavior upon reception of DL PI shall be changed.  
Conclusion
In this paper, two aspects of downlink preemption indication (DL PI) are discussed and corrections to the Rel-15 38.213 are proposed. 
The first issue is related to the signalling of the reference region for Downlink Pre-emption Indication. The current wording of the specification gives the impression that the time domain reference resources for DL PI are indicated by the DCI. This is not correct. According to the agreements, the reference resources are implicitly obtained from higher layer signaling. We make the following observation and proposal for this issue:
[bookmark: _GoBack]Observation 1: The signaling of the reference region for Downlink Preemption Indication is not captured correctly in the specification. The specification gives the impression that the reference region is dynamically indicated. But according to the agreements, the reference region is obtained implicitly from high layer signaling.
Proposal 1: Adopt Text Proposal A from the Appendix to align the specification text with the agreements. 
· The “set of symbols” refers to the downlink reference resources and is implicitly derived from higher layer signaling and not indicated by DCI as the current specification text would suggest.   
The second issue is related to an important functionality of Rel15, the simultaneous support of transmissions with different reliability requirements. This feature provides the necessary L1 framework so that a UE can be configured with services that have different reliability requirements (e.g. URLLC and eMBB). For the proper support of transmissions with different requirements, two agreements have been made. The first one is Downlink Preemption Indication, it is needed to protect the performance of one transmission type in the case of transmission multiplexing. For DL PI, the UE might flush out the resources indicated by the DCI and, hence, improve the decoding performance. The other agreement is specifically for the traffic with high-reliability requirements. DL PI was already captured in 38.213 during Rel15-Phase1. At that time the details of high reliability transmissions were still open and could therefore not be considered. It turns out that with the current specification, DL PI cannot be monitored by a UE that shall support services with different reliability requirements. This would degrade the decoding performance of the impacted transmission significantly. In our view, it is essential that DL PI can be configured for a UE that is supporting multiple services. This is simple and possible to achieve with minor specification impact. The PDCCH of the high-reliability transmission is scrambled with the new RNTI. Therefore, the UE can recognize the high reliability transmission and exclude it from the data flushing that is triggered by the DL PI. In summary, we make the following observations and proposal for this issue:
Observation 2: In Rel15, dynamic multiplexing on DL shared resources between transmissions with different requirements shall be supported. 

Observation 3: Downlink preemption indication is essential for multiplexing transmissions with different requirements on DL shared resources. It secures the performance of the preempted transmission. 

Observation 4: If a UE is supporting services with different reliability requirements and monitoring DL PI, it might flush out its own “high-reliability” data. 

Observation 5: If a UE deletes its own transmissions, then, this will be fatal for the performance of the high reliability transmission, its performance will be degraded severely.
Observation 6: With the current specification 38.213 [1], a UE cannot properly support the reception of data with different reliability requirements.
Observation 7: PDSCH transmissions using the new MCS table require very high reliability. With the introduction of the new RNTI, the UE can have the possibility to distinguish between high-reliability and other transmissions. This allows to exclude the high reliability transmissions from being flushed out. DL PI monitoring could therefore be configured without risking an impact on the reception performance of the high reliability transmission. Thus, multiplexing of transmissions with different reliability requirements can be properly supported.   
Proposal 2: Align the agreements for DL PI and dynamic scheduling of high-relaibility transmisison.
· This enables a proper support of multiplexing transmissions with different reliability requirements. 
· Adopt Text Proposal B from the Appendix to protect transmissions that are aiming for very high reliability from DL PI. The specification text in 38.213 related to the UE behavior upon reception of DL PI shall be changed.  
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Text Proposals A
------------------------------------------ Start of Text Proposal ----------------------------------------------
---------------------------------------- Unchanged parts omitted --------------------------------------------
38.213 v15.2.0
[bookmark: _Toc517265077]11.2	Interrupted transmission indication
If a UE detects a DCI format 2_1 for a serving cell from the configured set of serving cells, the UE may assume that no transmission to the UE is present in PRBs and in symbols that are indicated by the DCI format 2_1, from a set of PRBs and a set of symbols of the last monitoring period, that are indicated by the DCI format 2_1. The indication by the DCI format 2_1 is not applicable to receptions of SS/PBCH blocks. 

The set of PRBs is equal to the active DL BWP as defined in Subclause 12 and includes  PRBs. 







If a UE detects a DCI format 2_1 in a PDCCH transmitted in a control resource set in a slot, the set of symbols indicated by a field in DCI format 2_1 includes is the last  symbols prior to the first symbol of the control resource set in the slot where  is the PDCCH monitoring periodicity provided by the value of higher layer parameter monitoringSlotPeriodicityAndOffset, as described in Subclause 10.1,  is the number of symbols per slot, is the subcarrier spacing configuration for a serving cell with mapping to a respective field in the DCI format 2_1,  is the subcarrier spacing configuration of the DL BWP where the UE receives the PDCCH conveying the DCI format 2_1. If the UE is configured with higher layer parameters tdd-UL-DL-ConfigurationCommon or tdd-UL-DL- ConfigurationCommon2, symbols indicated as uplink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL- ConfigurationCommon2 are excluded from the last  symbols prior to the first symbol of the control resource set in the slot. The resulting set of symbols includes a number of symbols that is denoted as .
---------------------------------------- Unchanged parts omitted --------------------------------------------
------------------------------------------ End of Text Proposal ----------------------------------------------

Text Proposals B
------------------------------------------ Start of Text Proposal ----------------------------------------------
---------------------------------------- Unchanged parts omitted --------------------------------------------
38.213 v15.2.0
11.2	Interrupted transmission indication
If a UE detects a DCI format 2_1 for a serving cell from the configured set of serving cells, the UE may assume that no transmission to the UE is present in PRBs and in symbols, from a set of PRBs and a set of symbols of the last monitoring period, that are indicated by the DCI format 2_1. The indication by the DCI format 2_1 is not applicable to receptions of SS/PBCH blocks or PDSCH scheduled by a PDCCH with DCI format 1_0/1_1 with CRC scrambled by new-RNTI. 

---------------------------------------- Unchanged parts omitted --------------------------------------------
------------------------------------------ End of Text Proposal ----------------------------------------------
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