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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 AH#1 meeting, the consensus was achieved regarding the need of pre-emption indication with details FFS. At RAN1#90 and RAN1 NR AH#3 meetings, the following agreements regarding the dynamic DL multiplexing were made:
	RAN1 NR AH#3

· UE can be configured to monitor the group common PDCCH for SFI and the group common DCI for DL pre-emption indication within the same or different CORESETs

· As a working assumption
· 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

· For determination of the frequency region of the reference downlink resource for pre-emption indication, down select between the following options in RAN1#90bis

· Option 1: The frequency region of the reference downlink resource is configured explicitly by RRC

· Option 2: The frequency region of the reference downlink resource is implicitly derived by the active DL BWP

· NOTE: Companies are encouraged to address the issues highlighted in the offline summary T-doc R1-1716911

· The minimum periodicity for UE to monitor group common DCI for DL pre-emption indication is down-selected between

· Option 1: one slot

· Option 2: less than a slot
RAN1 #90:
· Pre-empted 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 pre-emption indication

· The frequency region of the reference downlink resource is configured semi-statically

· FFS: explicit signalling or implicitly derived by other RRC signalling

· The time region of the reference downlink resource is configured semi-statically 

· FFS: explicit signalling 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 signalling 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 signalling 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


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
Technically, since the PDCCH monitoring occasions are configurable with up to 1 symbol granularity, any timing of PI channel is already possible. However, in some cases, such indication received by a UE too late, may not be useful because of processing time. In that case, it is desirable to limit possible delay between pre-emption event and the PI reception. Currently, two options of the minimum periodicity are on the table: one slot or less than a slot. In our view, the mechanism of CORESET and DCI monitoring periodicity configuration for PI should reuse the general approach design for other common and UE-specific DCI formats, which may allow any monitoring periodicity. 
In the context of PI feature, support of monitoring periodicity shorter than slot-level may imply implementation of simultaneous PDSCH and PDCCH reception in order to fully realize the potential benefits from PI signaling. However, such simultaneous monitoring can impact UE implementation and receiver architecture. Thus, whether such “sub-slot” monitoring periodicity for PI DCI is supported as an optional UE capability merits further discussion. . Therefore, the following is proposed:
Proposal 1
· Configuration of CORESET and PI DCI monitoring follows the common mechanism being designed for other DCI formats
· NR supports monitoring periodicity for PI DCI smaller than a slot duration

· FFS: Details of associated UE capability
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 2
· 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 Configuration of DL Reference Region

From the previous meeting agreement, a reference DL resource region for pre-emption indication configuration should be downselected between explicit indication by RRC and implicit association with the active DL BWP of the UE. The frequency domain region configurability is concerned with the possibility of particular UE or group of UEs to be scheduled in a frequency region which can be a subject of pre-emption events. In order to analyse which approach is suitable, the following 4 cases are considered:

· Case 1: UEs with fully overlapped identical bandwidth parts. In this case, the Option 2 of frequency reference resource works well without any explicit configuration. In case of different numerologies of the bandwidth parts, two different CORESETs need to be configured, one for each BWP.
· Case 2: BWP of one UE is contained in BWP of another UE. In this case, it may be beneficial to have only one indication for these two BWP, however such approach may face several issues:
· The CORESET configuration and duration in one BWP may be different with CORESET in another BWP that would introduce additional rate-matching procedure for the UE. For example, as illustrated in Figure 1, the narrow BWP would need to have longer CORESET than the wide BWP in order to serve the same aggregation level. Additionally, the DCI format size is likely dependent on the addressed bandwidth (as in LTE), that would lead to the need to signal relatively large payload in narrow CORESETs.
· The CORESET configuration may be highly dependent on the associated BWP, e.g. DMRS configuration, interleaving, etc.
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Figure 1. Case 2: BWP of one UE is contained in BWP of another UE.

· Case 3: UEs with partially overlapped BWP. Although this is an unlikely configuration which is not beneficial for network operation, it is possible to configure such BWPs. In this case, one can argue that usage of a common CORESET and signalling in the configured frequency region spanning both overlapped BWP can save the signalling overhead. However, there are also multiple issues to be solved in this case:
· The amount of control resource in the overlapped part may be inadequate (too small) to serve the PI DCI CORESET.

· The CORESET configuration may be highly dependent on the associated BWP, e.g. DMRS configuration, interleaving, etc.

· The BWP may have different numerologies and therefore the common CORESET would have different numerology at least relative to one BWP.
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Figure 2. Case 3: UEs with partially overlapped BWP.

· Case 4: UEs with non-overlapped BWP. Obviously, in that case it is more natural to configure PI DCI in each BWP since it would not require from a UE to monitor CORESETs outside of its BWP.
Furthermore, configuration of frequency regions smaller than UE bandwidth could lead to scheduling restrictions and overdesigned signalling. Therefore, the frequency region should be implicitly indicated as a bandwidth of the BWP or CC where UE operates. In other words, the CORESET where PI DCI is configured to be monitored is associated with a BWP which should be considered as a reference frequency region.
Proposal 3
· Reference frequency domain resource is implicitly derived as a BWP/CC associated with the CORESET where PI DCI is received
· A UE can be configured with at most a single PI-DCI monitoring configuration (for an appropriate CORESET) in its active bandwidth part

As for the time domain resource, last time it was agreed as a working assumption to consider the duration of the reference resource region equal to PI DCI monitoring periodicity. This assumption works in majority of cases except when the PI cannot be transmitted in one of the monitoring opportunities, then it may be postponed to the next occasion thus effectively extending the reference region. This behaviour can be considered as an optimization and therefore could be considered later if issues are found. 
However, it should be allowed to introduce an offset between PI DCI reception occasion and the reference region because of UE processing capabilities. For example, in order to keep reasonable UE power consumption, the PI DCI should be monitored only when there is a scheduled PDSCH which may be affected. Therefore, the PDCCH scheduling this PDSCH should be processed before the PI DCI transmission. If PI monitoring is smaller than the PDCCH processing latency plus PDCCH duration, then the UE may miss the PI if it points directly to the previous monitoring duration (see in Figure 3). The issue may be avoided if there is an offset to calculate the position of time region with respect to the PI DCI reception occasion.
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Figure 3. PI monitoring periodicity and time domain DL reference region.

Proposal 4

· Confirm the working assumption that “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”

2.3 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.
However, as it was discussed in the end of NR SI, the PI may also target to improve decoding and demodulation of the initial transmission. In that case, it may need to be specified when the UE may take into account the PI for generation of A/N for this corrupted TB. This is necessary in consideration of the impact to UE processing time-line. For instance, if a very tight UE processing time with heavy reliance on pipelining is needed for the impacted TB, it may not be feasible for the UE to meet the original HARQ-ACK timeline, depending on the relative timing of the PI DCI reception with respect to the impacted PDSCH.
In other words, a UE is not expected to take into account any PI indication for determining the A/N corresponding to the PDSCH indicated as being affected by pre-emption, if the time-gap between the reception of the PI and the HARQ-ACK feedback is less than ‘t_reproc’. The ‘t_reproc’ itself may either be derived from UE processing time (e.g. equal to N1 or a fraction of N1) or configured by the network based on UE capabilities. 
Proposal 5
· A UE is not expected to take into account any PI indication for determining the A/N corresponding to the PDSCH indicated as being affected by pre-emption, if the time-gap between the reception of the PI and the HARQ-ACK feedback is less than ‘t_reproc’
· FFS how ‘t_reproc’ is defined (configured, derived from UE capabilities, etc.) including whether it can be ‘inf’, i.e. a UE is not expected to consider PI DCI for generation of A/N corresponding to the PDSCH indicated as being affected by pre-emption
· A UE is expected to consider 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
Additionally, at the last meeting the triggers for monitoring the pre-emption were discussed. It is generally understood that a UE should monitor the indication at least if it is scheduled with PDSCH reception which may be affected. However, in our view, there is no need for explicit rules or triggers since the related UE behaviour is implied by the requirement for UE to take into account the PI as discussed in the previous proposal.
Observation 1

· There is no need for explicit definition of PI monitoring triggers if UE behaviour related to taking PI DCI into account is defined
2.4 PI DCI Content
In order to identify the content of PI DCI format, we first analyse the requirements to pre-emption indication signalling based on discussions so far:

· Fixed and compact payload size within a given carrier bandwidth. A UE would need to check only one DCI size hypothesis while searching for PI. This indication would need to have compact size of 10-30 bit in order to fit to a small aggregation level and introduce manageable control overhead. Furthermore, it is desirable that it has the same payload size as at least one of the other DCI formats to be monitored in common CORESET.
· Ability to signal more than one pre-emption. It should be supported, that several pre-emptions during the scheduling interval are known to UEs. However, full flexibility of such signalling is not desirable since it may introduce large overhead and may not be useful when large portion of the interval is pre-empted.
· Configurable / changeable granularity. It was already agreed, that the granularity in time and frequency is configurable. It is mainly needed to support the flexible NR numerology, bandwidth, and scheduling intervals (slots and mini-slots of different durations).
· Forward compatibility. The indication may also be used in future for other purposes, e.g. to dynamically signal reserved resources in UL for stopping/postponing.

Based on these requirements, we discuss the indication content. The following alternatives are on the table to indicate the pre-empted resources within the DL reference resource.
· Alt. 1: Joint time-frequency bitmap. The idea of such approach is to introduce a 2D bitmap / matrix to encode multiple pre-emptions within the reference resource region. For example, in case of ‘y’ configured to ¼ of BWP, and ‘x’ as 2 symbols with 1 slot monitoring periodicity, the bitmap can consume 4·7 = 28 bit. However, such signalling is more suitable to support puncturing according to LTE like resource allocation Type 0 or 2 with localized VRB. In case of distributed DL resource allocation (which is a preferred option for URLLC to extract frequency diversity), such approach may not be efficient since it will always need to cover almost the whole bandwidth. In order to do the indication more flexible, an additional small 1-2 bit field may be introduced to switch time-frequency granularity dynamically. For example, if y = g·y0 and x = x0/g, then the additional bit could switch between different values of ‘g’ which may be semi-statically configured by higher layer.
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Figure 4. Illustration of uniform joint time-frequency bitmap.
This approach may be further optimized by using non-uniform bitmap density per time resource in order to better reflect mini-slot structures. For example, each ‘m’ occasion in the time bitmap may correspond to a single bit puncturing information without frequency resolution. This may be reasonable since the PDCCH for URLLC scheduling (and DMRS) is likely to span the whole bandwidth due to typically high aggregation level while the PDSCH may be transmitted in distributed manner. The illustration of such bitmap is presented in Figure 5.
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Figure 5. Illustration of compressed non-uniform joint time-frequency bitmap.

· Alt. 2: Separate time bitmap and frequency indication. Since the time information is considered as more important due to typically wideband URLLC puncturing and frequency-first RE mapping, it may be signalled separately from frequency indication. In this case, a problem of over-signalled puncturing may occur as illustrated in Figure 6. It can be seen, that in case of separate time bitmap and frequency bitmap, the multiple pre-emptions are signalled ambiguously. From the frequency indication it is not clear which part is pre-empted by the first occasion and which part is pre-empted by the second occasion.
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Figure 6. Illustration of PI signalling by separate time and frequency domain indications.
· Alt. 3: Index of semi-statically configured pre-emption pattern. In a more general case, gNB may configure a set of “typical” puncturing time-frequency patterns through semi-static signalling and in DCI signal the configuration index. Although the DCI overhead in this case is manageable, the higher layer signalling needs to be optimized.
One more optimization would be to limit the number of signalled pre-emptions and thus optimize signalling by using combinatorial indexing. For example, in case of 28 overall puncturing resources as illustrated in Figure 4 and Figure 5, if the number of pre-emptions is limited to e.g. half of resource, then there are less combinations to signal. Unfortunately, such optimization would only introduce 1-2 bit saving unless further reduced number of pre-emption can be signalled (e.g. 7 arbitrary pre-emptions in 28 resources require ~21 bit signalling).
Alt.1 is a more general and flexible approach which however should be carefully designed taking into account maximum DCI payload for such indication. Let’s assume the following parameters:
· D bit are available for indication of pre-emptions 
· Reference time resource is ‘Rt’ symbols
· Reference frequency resource is ‘Rf’ PRBs

· Time and frequency granularity are ‘x’ and ‘y’ respectively
· Number of time resources within the region is Nt = floor(Rt/x)

· Number of frequency resources within the region is Nf = floor(Rf/y)

· D = Nf·Nt = floor(Rt/x)·floor(Rf/y)
As it can be seen, either ‘x’ or ‘y’ can be signalled while other one can be derived from the signalled value, the overall available number of signalling bits, and the reference resource region size. As it is also discussed, the time domain puncturing information is more important, therefore it could be used to derive the frequency domain puncturing information. Also, a minimum flexibility in changing the resource granularity dynamically is also useful to better accommodate different scheduling decisions.
Proposal 6
· Time domain granularity is configurable via RRC + dynamic signalling
· RRC provides a set of pairs of granularities in time ‘x’ symbols and in frequency ‘y’ PRBs for a given DCI bit field size D

· PI DCI signals an index in the set. FFS between 1 and 2 bits in PI DCI.
· Time offset to calculate position of the bitmap with respect to the PI DCI reception occasion is signalled in the PI DCI

· Joint time-frequency bitmap is signalled in PI DCI to indicate pre-emptions
· FFS mechanism of compression, e.g. split to coarse and fine bitmaps
· FFS optimizations for frequency distributed pre-emptions
2.5 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 behaviour 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 signalled in CBG-based indication of combining. However, depending on signalling design and granularity, it may not be the case.

The benefits of using both indications may be illustrated in the following Figure 7. 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 7. Usage of both CBG-based combining indication and pre-emption indication.

Proposal 7
· 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
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:
Observation 1

· There is no need for explicit definition of PI monitoring triggers if UE behaviour related to taking PI DCI into account is defined

Proposal 1

· Configuration of CORESET and PI DCI monitoring follows the common mechanism being designed for other DCI formats
· NR supports monitoring periodicity for PI DCI smaller than a slot duration

· FFS: Details of associated UE capability
Proposal 2

· 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 3

· Reference frequency domain resource is implicitly derived as a BWP/CC associated with the CORESET where PI DCI is received

· A UE can be configured with at most a single PI-DCI monitoring configuration (for an appropriate CORESET) in its active bandwidth part
Proposal 4

· Confirm the working assumption that “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”
Proposal 5
· A UE is not expected to take into account any PI indication for determining the A/N corresponding to the PDSCH indicated as being affected by pre-emption, if the time-gap between the reception of the PI and the HARQ-ACK feedback is less than ‘t_reproc’
· FFS how ‘t_reproc’ is defined (configured, derived from UE capabilities, etc.) including whether it can be ‘inf’, i.e. a UE is not expected to consider PI DCI for generation of A/N corresponding to the PDSCH indicated as being affected by pre-emption
· A UE is expected to consider 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 6
· Time domain granularity is configurable via RRC + dynamic signalling

· RRC provides a set of pairs of granularities in time ‘x’ symbols and in frequency ‘y’ PRBs for a given DCI bit field size D

· PI DCI signals an index in the set. FFS between 1 and 2 bits in PI DCI.

· Time offset to calculate position of the bitmap with respect to the PI DCI reception occasion is signalled in the PI DCI

· Joint time-frequency bitmap is signalled in PI DCI to indicate pre-emptions

· FFS mechanism of compression, e.g. split to coarse and fine bitmaps

· FFS optimizations for frequency distributed pre-emptions
Proposal 7
· 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
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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