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1 Introduction

At the previous RAN1#90bis meeting the major progress in design of pre-emption indication was made. In particular, the definition of reference DL resource and format of dynamic indication were agreed:
	RAN1 #90bis:
· 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

· 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)

· 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

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

· No consensus 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

· 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 this contribution we further discussed the remaining issues of pre-emption indication and UE behaviour. Note, that UL multiplexing was not discussed in details during previous meetings. In this contribution, we analyse aspects relevant to multiplexing of transmissions with different durations and priorities.
2 DL Pre-emption Indication

2.1 Control Channel Monitoring for Pre-emption Indication
One outstanding 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 behaviour or signalling is introduced, the UE will discard the scheduled URLLC PDSCH because of pre-emption indication that is highly undesirable. In order to fix such potential problems, additional signalling 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, if 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 pre-empted and thus should be excluded from calculation of corrupted resource elements marked by PI. Such indication may be either signalled dynamically in the scheduling DCI or configured by higher layers.
Proposal 1
· A UE can be configured to mark or not the resources scheduled by particular DCI/PDCCH candidate as corrupted upon the reception of pre-emption indication concerned with these resources
2.2 Reference DL Resource Configuration
In this subsection, the timing relation between CORESET for PI DCI monitoring and RDR is discussed. According to the agreements the reference DL resource duration is equal to monitoring periodicity (let it be P symbols) while the currently agreed minimum monitoring periodicity for PI is one slot. In this case, the exact position of RDR relative to instance of PI DCI reception (i.e. PI DCI CORESET occasion) is not clearly defined.

A clear definition for RDR would be that it always starts at the starting symbol of PI DCI CORESET and ends right before the starting symbol of the next PI DCI CORESET occasion. This is illustrated in Figure 1. Such approach perfectly fits for the case of slot-level monitoring periodicity and PI DCI CORESET configured in the beginning of the slot.
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Figure 1. Reference DL resource starts and ends at the first symbol of PI DCI CORESET.

In case the CORESET for PI is configured in the end of the slot or within the slot (e.g. in case of mini-slot level monitoring periodicity), a more suitable definition would be to start RDR at the first symbols after CORESET and end at the last symbol of next CORESET. Since both options may be valid in different cases, a potentially universal solution is to have a configurable offset between start/end of PI DCI CORESET and the start/end of the reference DL resource. This offset may be configured semi-statically by RRC signalling since the monitoring configuration is also semi-static.

In both examples the CORESET of PI DCI is included into RDR. In this case if the corresponding resources are indicated as pre-empted the UE behaviour may need to be clarified. The UE can assume that only the PI DCI is valid even if the corresponding symbols are indicated as being pre-empted by the same PI DCI. This can address use cases where the actual pre-emption is less than the entire active DL BWP and excludes at least one candidate in the corresponding CORESET to transmit the PI DCI, but when M = 14 is configured. This UE assumption can be limited to only the PI DCI or could be extended to all DCIs that the UE detects within symbols indicated as being pre-empted.

Note that it was agreed that reference DL resource would contain UE BWP. However, in case of BWP adaptation where UE needs to switch BWPs within PI monitoring periodicity, certain UE behaviour may need to be defined. In one option, in case of BWP adaptation, UE may ignore PI corresponding to the time when it was in a different BWP. Alternatively, given that pre-empted resource mainly targets for URLLC application where wide frequency resource is typically used in order to meet reliability requirement, in case of BWP adaptation, UE may assume activated BWP (before or after BWP adaptation) is within the frequency region of reference DL resource. In other words, frequency region of reference DL resource for pre-emption indication is the activated DL BWP regardless of BWP adaptation. Therefore, the UE does not take any PI into account for symbols unless the UE is scheduled with PDSCH for these symbols in the same BWP as the one in which it monitors the PI DCI.
Proposal 2
· Confirm working assumption on frequency domain span of reference DL resource to be active DL BWP
· Time domain span for reference DL resource either
· Starts at the starting symbol of PI CORESET and ends right before the starting symbol of the next PI CORESET occasion or

· Starts right after the last symbol of PI CORESET and ends at the last symbol of the next PI CORESET occasion
· A UE can be configured with at most a single PI-DCI monitoring configuration (for an appropriate CORESET) in its active bandwidth part

· The UE does not take any PI into account for symbols unless the UE is scheduled with PDSCH for these symbols in the same BWP as the one in which it monitors the PI DCI
One more aspect related to RDR definition is handling of reserved resources. One can argue that the reserved resources should be excluded from RDR in order to increase the resolution of pre-emption indication within the really used resources. However, there may be potential forward compatibility issues. For example, if a new technology is introduced in these resources then these resources will not be configured as reserved for UEs supporting this technology and therefore, the RDR derived by different UEs may be different. The only solution in this case is to configure a separate PI DCI for these UEs that introduce additional control overhead. Such forward compatibility issues may be avoided if reserved resources are not excluded from RDR.
Proposal 3
· Reserved resources are not excluded from the reference DL resource for pre-emption indication
2.3 Reference DL Resource Partitioning

In this section, the procedures how to interpret the bitmap to identify the pre-empted parts within the reference DL resource are discussed. Current agreement on the reference DL resource states that its duration is equal to the PI monitoring periodicity and the frequency span is equal to the active UE downlink bandwidth part. In time domain, it is also said that semi-statically configured UL resources are excluded from the reference DL resource. Given that the duration of UL part is flexibly configurable, the number of symbols within the configured periodicity may be not always multiple of 7 or 14. In this case, methods to partition the reference DL resource onto M parts for arbitrary number of symbols are needed.

In case the number of symbols in RDR is larger than the number of bitmap bits for time domain indication, i.e. P > M, then there may be partitions of different lengths: l0 = floor(P/M) and l1 = ceil(P/M). These partitions of different lengths may be consecutively placed within RDR. However as shown in Figure 2, in many cases that leads to non-uniform distribution of partitions with different resolution. If two UEs were scheduled in two different slots then each UE will have different resolution of indication in time domain that is an unfair approach. Obviously, uniformly distributed partitions over the RDR are highly desirable. The uniform distribution of partitions of different length can provide similar pre-emption indication granularity within the whole RDR. 
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Figure 2. Illustration of partitions of different lengths placed consecutively within RDR.

An option of grouping of same length partitions and distribution of them across the reference DL resource may be achieved as illustrated in Figure 3. In this figure, each row corresponds to the bitmap of length M. Different rows correspond to different sizes of reference DL region where different number of partitions of length l1 is assumed from a1 = 0 to M-1. The benefits of such approach is the nested structure and common mechanism for M = 14 and M = 7.
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Figure 3. Positions of partitions with second length l1 within the reference DL resource for different values of a1.

In another approach to distribute partitions of different length, a condition whether any partition spans a slot boundary may be utilized. For example, a consecutive partitioning illustrated in Figure 2 may be assumed as a starting point. Then, if there is any partition which spans over a slot boundary then the partition mapping may be cyclically shifted or swapped until there is no any partition spanning slot boundary. That is the partition crossing slot boundary or its neighbouring partition may be swapped with the partition of another length.
Proposal 4

· Partitions of different durations are distributed over RDR according to the following rule:
· For M = 14, with increasing the number of time partitions of length ceil(P/M) from 1 to 13, the position of partition of length ceil(P/M) in the RDR is added in the following order:
· 13, 6, 12, 5, 9, 2, 8, 1, 11, 4, 10, 3, 7

· For M = 7, with increasing the number of time partitions of length ceil(P/M) from 1 to 6, the position of partition of length ceil(P/M) in the RDR is added in the following order:

· 6, 5, 2, 1, 4, 3
Handling of N = 2 cases

When the number of configured frequency partitions is 2, a mechanism how to partition in frequency and also how to map time-frequency partitions to the signalled bitmap need to be explicitly defined.

First, the mapping mechanism is discussed. According to the agreement, there may be at most 2 partitions. In this case, two main approaches of mapping the time-frequency partitions to the bitmap are envisioned. In one option, the mapping is time-first, i.e. index of time partitions is increasing with the increase of bit index in the bitmap. After reaching the last time partition within particular frequency, the time index is reset and the frequency index is incremented. In another option, the mapping is frequency-first, i.e. index of frequency partitions is increasing with the increase of bit index in the bitmap and reset every two bits with increasing time domain index. Note, that the latter option is preferred since it is more suitable for cases when P < M and the bitmap may need to be truncated. When truncated, consecutive bits may be dropped if needed.

Second, how the frequency bandwidth is divided into two parts for the case of {M, N} = {7, 2} needs to be clarified. The total number of PRBs in the active DL bandwidth part should be divided into equal parts. That is, assuming there are B PRBs of a given numerology associated with particular BWP, the first frequency partition comprise floor (B/2) PRBs, and the second partition comprise remaining [B – floor (B/2)] PRBs.

Overall, the principle of mapping the M, N partitions to the bitmap is illustrated in Figure 5.
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Figure 5. Mapping of time-frequency partitions of RDR to bitmap indexes.
Proposal 5
· In case of N = 2, the RDR is divided into M x N time-frequency partitions as follows:
· RDR is divided into time partitions of lengths floor(P/M) and ceil(P/M), where P – number of symbols in RDR
· Each time partition is further divided into two parts of consecutive PRBs: floor(B/2) PRBs and ceil(B/2) PRBs where B – is the number of PRBs in RDR
· Each bit in the DCI bitmap is mapped to a unique time-frequency partition in a frequency-first manner, i.e. ‘1’ in the i-th bit of the bitmap indicate that frequency partition with index (i modulo 2) in the group of symbols with index floor(i/2)is pre-empted and ‘0’ if not pre-empted
Handling of Extended Cyclic Prefix case
The currently agreed values for M = [7, 14] typically fit to slot duration of 14 symbols which is the case for normal CP. However, for 60 kHz subcarrier spacing there is extended CP option available for configuration. There are 12 extended CP OFDM symbols comprising a slot. Although this case may be handled by the common mechanisms of resource partitioning, a more clear approach is to define a new set of {M, N} which corresponds to ECP case and particular set to be used in dynamic indication is configured via RRC by 1 bit field:
· {M, N} = {12, 1}
· {M, N} = {6, 2}

A UE identifies which particular set to use depending on the configured CP for a given bandwidth part and the RRC signalled index of the set among the two specified.
Proposal 6
· In case ECP is configured for the DL BWP associated with a PI DCI, the following {M, N} sets are used for interpreting bit fields of PI DCI

· {M, N} = {12, 1}

· {M, N} = {6, 2}

2.4 UE Behaviour
In order to define UE behaviour in handling PI DCI processing, the UE processing time should be taken into account. In particular, if PI targets only avoiding soft-combining of corrupted LLRs from previous (affected) PSDCH with a clean retransmission copy and does not target to improve decoding and demodulation of the initially corrupted transmission, the following rule could be defined:

· If the UE receives the PI in a slot/symbol ‘n’ indicating pre-emption occurrence affecting a PDSCH for which it also received a PDSCH retransmission before slot/symbol ‘n’, the UE is not expected to take the PI into account:
· The UE is not expected to take the PI information into account for the determination of the A/N feedback corresponding to the PDSCH. In case the HARQ timing is sufficiently relaxed, it could be left up to UE implementation if it may want to take it into account.
· The UE is however expected to consider the PI information for any HARQ combining of the affected PDSCH with the retransmission of the affected TB. It is necessary for the UE to be aware of the PI before receiving the retransmission – for otherwise, the UE is likely to have already soft-combined the original PDSCH and the retransmitted version.
Proposal 7
· A UE is not required to apply any PI indication for determining the A/N corresponding to the PDSCH indicated as being affected by pre-emption
· A UE is expected to apply the PI information for any HARQ combining of the affected PDSCH with the retransmission of the affected TB if PI is received before the retransmission
3 UL Multiplexing

3.1 Intra-UE Multiplexing

First of all, it needs to be discussed how different services are multiplexed within one UE. If services with different latency and reliability requirements are active at the UE simultaneously, then collisions are possible due to different timescales of operation. For example, a grant-free transmission or grant-based transmission of URLLC traffic may be scheduled to a UE during an ongoing eMBB transmission.

It is natural to assume that UE can prioritize transmission of the service which has higher priority. In case of grant-based access, the grant which is associated with the higher priority service should be assumed to take precedence of the lower priority schedules.

Proposal 8
· Intra-UE concurrent transmission of PUSCH for different services is resolved by the associated service priority.
3.2 Inter-UE Multiplexing

In this section, we discuss mechanisms of UL URLLC and eMBB multiplexing. In general, the UL URLLC and eMBB transmissions can be multiplexed in time or frequency using the same or different numerologies at the same carrier. The main open question is how to ensure coexistence of UL URLLC and eMBB transmissions by avoiding the mutual impact of URLLC and eMBB services and ensuring that URLLC KPIs are met.

In general, this mode of operation does not require special considerations for eMBB and URLLC transmissions if both services operate at the same time scale (e.g. utilizing short scheduling transmission intervals). The eMBB and URLLC coexistence problem can happen if eMBB and URLLC UL transmissions are scheduled with different timescales and granularity in time. In this case, a mechanism to protect UL URLLC from eMBB transmission and vice versa needs to be discussed. One simple option to protect UL URLLC from eMBB is to use higher transmission power for UL URLLC transmission by configuring different power control parameters.

Proposal 9
· NR should support setting of different power control parameters for PUSCH/PUCCH associated with different services.

Other options like UE-based announcements or gNB-based announcements may further improve spectrum efficiency in case of dynamic multiplexing, however those require more discussion and could be introduced in later phases.

4 Conclusions

In this contribution, we discussed the issue of multiplexing of transmissions with different latency and reliability requirements. Based on the discussion and analysis, we have the following proposals:
Proposal 1

· A UE can be configured to mark or not the resources scheduled by particular DCI/PDCCH candidate as corrupted upon the reception of pre-emption indication concerned with these resources
Proposal 2

· Confirm working assumption on frequency domain span of reference DL resource to be active DL BWP

· Time domain span for reference DL resource either

· Starts at the starting symbol of PI CORESET and ends right before the starting symbol of the next PI CORESET occasion or

· Starts right after the last symbol of PI CORESET and ends at the last symbol of the next PI CORESET occasion
· A UE can be configured with at most a single PI-DCI monitoring configuration (for an appropriate CORESET) in its active bandwidth part

· The UE does not take any PI into account for symbols unless the UE is scheduled with PDSCH for these symbols in the same BWP as the one in which it monitors the PI DCI
Proposal 3
· Reserved resources are not excluded from the reference DL resource for pre-emption indication
Proposal 4

· Partitions of different durations are distributed over RDR according to the following rule:

· For M = 14, with increasing the number of time partitions of length ceil(P/M) from 1 to 13, the position of partition of length ceil(P/M) in the RDR is added in the following order:

· 13, 6, 12, 5, 9, 2, 8, 1, 11, 4, 10, 3, 7

· For M = 7, with increasing the number of time partitions of length ceil(P/M) from 1 to 6, the position of partition of length ceil(P/M) in the RDR is added in the following order:

· 6, 5, 2, 1, 4, 3
Proposal 5
· In case of N = 2, the RDR is divided into M x N time-frequency partitions as follows:

· RDR is divided into time partitions of lengths floor(P/M) and ceil(P/M), where P – number of symbols in RDR

· Each time partition is further divided into two parts of consecutive PRBs: floor(B/2) PRBs and ceil(B/2) PRBs where B – is the number of PRBs in RDR
· Each bit in the DCI bitmap is mapped to a unique time-frequency partition in a frequency-first manner, i.e. ‘1’ in the i-th bit of the bitmap indicate that frequency partition with index (i modulo 2) in the group of symbols with index floor(i/2)is pre-empted and ‘0’ if not pre-empted
Proposal 6
· In case ECP is configured for the DL BWP associated with a PI DCI, the following {M, N} sets are used for interpreting bit fields of PI DCI

· {M, N} = {12, 1}

· {M, N} = {6, 2}

Proposal 7
· A UE is not required to apply any PI indication for determining the A/N corresponding to the PDSCH indicated as being affected by pre-emption
· A UE is expected to apply the PI information for any HARQ combining of the affected PDSCH with the retransmission of the affected TB if PI is received before the retransmission

Proposal 8
· Intra-UE concurrent transmission of PUSCH for different services is resolved by the associated service priority.

Proposal 9
· NR should support setting of different power control parameters for PUSCH/PUCCH associated with different services.
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