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1 Introduction

At RAN1#87, the possibility of higher priority DL transmission at already scheduled DL resources was agreed. At the RAN1 NR AdHoc#1 meeting, the consensus was achieved regarding the need of preemption indication with details FFS. At RAN1#89 and RAN1 NR AdHoc#2 meetings, the following agreements regarding the dynamic DL multiplexing were made:
	RAN1 NR AdHoc#2:

· 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

RAN1#89 agreement:

· For DL CBG-based (re)transmission,
· Following information can be configured to be included in the same DCI:
· Which CBG(s) is/are (re)transmitted.

· Which CBG(s) is/are handled differently for soft-buffer/HARQ combining.
· FFS: whether/how UE behavior is specified, e.g., part/whole of soft-buffer of indicated CBG(s) is flushed.

· FFS: timing of CBG-based (re)transmission.

· For preemption indication;

· When configured, the indication tells the UE(s) which DL physical resources has been preempted.

· The preemption indication is transmitted using a PDCCH.

· The preemption indication is not included in the DCI that schedules the (re)transmission of the data transmission.

· FFS: the granularity of the time and/or frequency resources.

· FFS: what DCI is used.

· FFS: timing of the preemption indication.


In this contribution, we analyze aspects relevant to multiplexing of transmissions with different durations and priorities. Other aspects related to NR URLLC and eMBB multiplexing for UL are discussed in our companion contribution [4].
2 Control Channel for Pre-emption Indication
The following candidates in terms of indication timing are being considered at the moment taking into account the agreements so far:
· Option 1: Indication is carried in the impacted slot (nth slot).
· Option 2: Indication is carried by the next slot PDCCH, (in n+1 available slot for PDCCH transmission). This option is friendly to system operation since it does not introduce additional monitoring occasions to UEs and does not require dynamic sharing of resources with shared channels.
Technically, both options are already possible by configuration. Although the Option 1 is attractive from preserving the processing latency, there may be increased UE complexity and power consumption concerned with the increased PDCCH monitoring rate. Additionally, usage of PDCCH for such indication will substantially reduce useful resources for the pre-empting transmission (e.g. URLLC). Therefore, the second option is preferred to be specified.
Proposal 1
· UE does not expect to receive preemption indication in a slot ‘n’ which points to ‘n – x’-th slot or earlier

· FFS the value of ‘x’ and relation to the UE processing time
Additionally, it is still FFS whether the pre-emption indication is transmitted in the group-common PDCCH carrying slot format indication. Clearly, the group-common PDCCH for SFI should have the properties of minimum-effort processing from UEs since it is a pre-requisite step to process the whole slot. The introduction of optional fields such as pre-emption indication will lead to increased payload (therefore reduced link budget) and/or variable length that should be either known to a UE in advance or blindly decoded. That is not in line with the general principle of SFI signaling as discussed above since introduces additional UE complexity and energy consumption. Therefore, the following is proposed.
Proposal 2
· Preemption indication group common DCI is transmitted separately from SFI
Regarding the CORESET configuration and monitoring, the group common DCI should be transmitted in a shared or common CORESET which may be the same as for monitoring other group common control information such as e.g. RMSI. In case of multiple bandwidth part operation configured in the system, the preemption indication may need to be sent for each bandwidth part in the associated CORESET. However, if the overlapped bandwidth parts are configured, then this may be inefficient, therefore a CORESET within a bandwidth part with common RB indexing and default numerology can be configured to the group of UEs with overlapped BWPs in order to provide puncturing information in the same notion for all affected UEs.
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Figure 1. Pre-emption indication for multiple bandwidth parts.

Proposal 3

· In case of multiple bandwidth parts and numerologies, the preemption indication is configured to be monitored in the CORESET associated with a particular bandwidth part
One standalone issue for pre-emption monitoring is the case if a UE is configured with both eMBB and URLLC services and receives DCI which schedules URLLC transport block and then receives a pre-emption indication pointing to the resources scheduled by this URLLC DCI. In this scenario, if no additional behavior or signaling is introduced, the UE will discard the scheduled URLLC PDSCH because of preemption indication that is highly undesirable. In order to fix such potential problems, additional signaling can be introduced to mark the CORESET candidates or DCIs configured for URLLC scheduling to be protected from application of pre-emption indication. For example, in that case, is such indication is received, then the UE should assume when scheduled via DCI in such a CORESET or PDCCH search space, the resources corresponding to the scheduled PDSCH cannot be preempted and thus should be excluded from calculation of corrupted resource elements marked by PI. Such indication may be either signaled dynamically in the scheduling DCI or configured by higher layers.
Proposal 4
· A UE can be configured to mark or not the resources scheduled by particular DCI/PDCCH candidate as corrupted upon the reception pre-emption indication concerned with these resources
3 Indication Content
Time domain

In time domain, the pre-empting transmission may affect any portion of the slot with up to symbol level granularity. That would require at most ~14 bits to indicate as a bitmap. Additionally, since the pre-emption indication may be signaled in later slots, a mechanism to link the time instance of the indication with the impacted slot is needed. A default assumption would be to configure the fixed timing relationship. This however would impose scheduling restrictions and may require from gNB to reserve control resources for such indication in case of pre-emption. In that sense, at least minimum flexibility to indicate the impacted slot is desirable, e.g. 1-2 bit to indicate an offset between the indication instance and puncturing instance. Another option is to constrain that the preemption indication must be transmitted in the next available slot for PDCCH (excluding, say, UL slots). Potential reduction of the signaling may be done by increasing the granularity of indication or introducing a limited set of puncturing patterns configurable via higher layers.
Moreover, if pre-emption indication monitoring is configured with lower rate than PSDCH scheduling (for example every other slot), then the indication may need to indicate about puncturing in each of the previous slots. Therefore, the configurable granularity may help to extend the signaling onto multiple slots by increasing the number of grouped symbols.
Frequency domain

In frequency domain, the indication could be in terms of the Resource Block Groups (RBGs) that may be defined and used for frequency domain resource allocation of PDSCH with size of ‘P’ PRBs depending on the bandwidth of the concerned bandwidth part. As it is discussed in section 2, in case of multiple bandwidth parts, multiple CORESETs associated with each bandwidth part may be configured for pre-emption indication or one common CORESET associated with one common “wide” bandwidth part can be configured.
Spatial domain

A default assumption for initial NR release should be that the pre-emption punctures all layers in order to avoid potential impact on URLLC transmission. Therefore, there is no need to indicate which AP/layer is punctured.

Proposal 5
· Time domain puncturing information is signaled as a bitmap over groups of symbols
· FFS timing offset signaling depending on indication timing
· Frequency domain puncturing information is signaled in terms of “P” PRBs configured for concerned bandwidth part
4 Combination of Standalone Pre-emption Indication and CBG-based Combining Indication

In case of both mechanisms (CBG-based indication of combining and pre-emption indication) are configured, whether additional UE behavior is introduced or not should be decided.

In case if a UE received both CBG-based indication of combining and pre-emption indication corresponding to these CBGs, the proper UE implementation may handle these events. A default assumption would be that UE derives affected resource elements using both indications. One can argue, that indication in terms of resources would always cover the information signaled in CBG-based indication of combining. However, depending on signaling design and granularity, it may not be the case.

The benefits of using both indications may be illustrated in the following Figure 2. As it is shown, CBG-based indication may provide too coarse information (depending on configuration), where CBG-1 only contains one pre-empted CB. From the example below, usage of only pre-emption indication can mark CB#15 and 16 as corrupted, while those are not, and the indication in terms of CBGs can mark CB#5,6,7,8 as corrupted, while those are not. Therefore, usage of combined indication may further improve the recovery performance.
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Figure 2. Usage of both CBG-based combining indication and pre-emption indication.
Proposal 6
· If a UE receives both CBG-based indication of combining and pre-emption indication corresponding to these CBGs, both indications are used for updating soft combining procedures
· An intersection of indicated resources is assumed to be pre-empted
5 Conclusions

In this contribution, we discussed the issue of DL multiplexing of transmissions with different latency and reliability requirements. Based on the discussion and analysis, we have the following proposals:
Proposal 1
· UE does not expect to receive preemption indication in a slot ‘n’ which points to ‘n – x’-th slot or earlier

· FFS the value of ‘x’ and relation to the UE processing time

Proposal 2
· Preemption indication group common DCI is transmitted separately from SFI
Proposal 3

· In case of multiple bandwidth parts and numerologies, the preemption indication is configured to be monitored in the CORESET associated with a particular bandwidth part
Proposal 4
· A UE can be configured to mark or not the resources scheduled by particular DCI/PDCCH candidate as corrupted upon the reception pre-emption indication concerned with these resources
Proposal 5
· Time domain puncturing information is signaled as a bitmap over groups of symbols
· FFS timing offset signaling depending on indication timing
· Frequency domain puncturing information is signaled in terms of “P” PRBs configured for concerned bandwidth part
Proposal 6

· If a UE receives both CBG-based indication of combining and pre-emption indication corresponding to these CBGs, both indications are used for updating soft combining procedures

· An intersection of indicated resources is assumed to be pre-empted
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