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1. Introduction 

For DL multiplexing data with different transmission durations, in RAN1 #90 meeting, following agreements about DL pre-emption indication were achieved [1]: 

	Agreements:
· Preempted 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 preemption indication

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

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

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

· FFS: explicit signaling 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 signaling 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 signaling 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




In RAN1 NR AH#03 meeting, further discussions on DL preemption were continued with following agreements reached [2]:
	Agreements:
· UE can be configured to monitor the group common PDCCH for SFI and the group common DCI for DL preemption indication within the same or different CORESETs
Agreements:
· As a working assumption
· The time duration of the reference downlink resource for preemption indication equals to the monitoring periodicity of the group-common DCI carrying the preemption indication

· For determination of the frequency region of the reference downlink resource for preemption 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
Agreements:
· The minimum periodicity for UE to monitor group common DCI for DL preemption indication is down-selected between

· Option 1: one slot

· Option 2: less than a slot




However, for UL multiplexing data with different durations, there are few discussions on UL multiplexing with different transmission durations in the previous meetings. In this contribution, we first discuss remaining issues about preemption and the related UE behaviors for DL. Second, we also discuss our considerations of UL multiplexing with different transmission durations. This contribution is revised from R1-1715646.
2. DL pre-emption
2.1 Group common DCI for pre-emption indication

As agreed, the same or different CORESETs can be configured for group common DCI carrying pre-emption indication compared to that for SFI. Since SFI and pre-emption indication are used for different purposes, configuration of group common PDCCH for DL pre-emption indication needs to be different from that for SFI. Even when the same CORESET is used for both SFI and pre-emption indication, there is no need to multiplex SFI and pre-emption indication in one DCI, due to the fact that group common DCI has a small payload size. Besides, UE can be configured to monitor the group common PDCCH for SFI and group common PDCCH for pre-emption indication independently.
Another issue is to determine the DCI payload size of the group common DCI for pre-emption indication. To aligned with the other group common DCI and not to increase the blind decoding, the DCI payload size should be the same as other DCIs. Then different DCI formats or different RNTIs can be used to distinguish the DCI for pre-emption indication and DCI for other purposes. 
Proposal 1: UE can be configured to monitor the group common PDCCH for SFI and group common PDCCH for pre-emption indication independently.

Proposal 2: Different DCI formats or different RNTIs can be used to distinguish the DCI for pre-emption indication and DCI for other purposes.

· UE monitoring behaviors for the group common PDCCH for DL preemption
When a UE is configured with pre-emption indication, monitoring periodicity for UE to monitor pre-emption indication needs to be configured. As discussed in RAN1 NR AH#03 meeting, there are two options for defining the minimum periodicity for UE to monitor pre-emption indication as follows.

· Option 1: one slot

· Option 2: less than a slot

The monitoring periodicity of preemption indication needs to be configured considering flexibility to indicate preempted resources and power consumption to decoding group common DCI. If minimum monitoring periodicity is limited to slot level, a preemption indication may not be useful for UE to do data re-decoding. For example, if a group common PDCCH occasion in a slot is blocked by other reason, the pre-emption indication needs to be transmitted in another available occasion in a different slot. It may lead to that there is not sufficient remaining processing time for data processing after receiving the preemption indication. 
On the other hand, if minimum monitoring periodicity can be less than a slot, e.g. in mini-slot level, a UE can monitor a group common PDCCH for pre-emption indication during the data reception or right after data reception. The earlier indication is transmitted, the more sufficient processing time for data re-decoding before HARQ-ACK feedback timing. Therefore, monitoring pre-emption indication in mini-slot level is beneficial despite a cost of power consumption.
Proposal 3: The specified minimum monitoring periodicity for pre-emption indication should be one symbol.
To reduce the power consumption for monitoring the pre-emption indication, monitoring pre-emption indication should be event-triggered. For a UE not scheduled with PDSCH, a pre-emption indication is useless. Therefore, for a UE configured with pre-emption indication monitoring, the UE is not required to monitor group common DCI for pre-emption indication when it is not scheduled with PDSCH. After receiving a PDCCH scheduling PDSCH, a UE needs to monitor the group common PDCCH for pre-emption indication, where the scheduled PDSCH should be within the time region of DL reference resource of the pre-emption indication. When a UE is within DRX cycle and is not semi-persistently scheduled PDSCH, the UE is not required to monitor pre-emption indication. 
Proposal 4: A UE is not required to monitor pre-emption indication for a slot where PDSCH is not scheduled, or within DRX slots.

Proposal 5: After detecting a DL grant for PDSCH, UE starts to monitor pre-emption indication at the first available monitoring occasion. 
As a UE is configured with one active BWP at a time, it is reasonable that pre-emption indication outside the active BWP is not needed to be monitored for a UE, i.e. a UE only monitors the group common DCI for pre-emption indication within the active BWP. 
Proposal 6: A UE only monitors the group common DCI for pre-emption indication within the active BWP

2.2 Signaling design of pre-emption indication

· DL reference resource in time domain
In RAN1 NR AH#03, determination of time region of DL reference resource that pre-emption may happen is agreed as a working assumption. The time duration of the reference downlink resource for preemption indication equals to the monitoring periodicity of the group-common DCI carrying the preemption indication. There may be an issue that pre-emption indication may not be transmitted due to blockage or lack of control channel. However, given group common DCI has a relatively small payload size and group common DCI for pre-emption indication is configured independently, there is low probability for such case. Therefore, we propose to confirm the working assumption.

Proposal 7: Confirm the working assumption: the time duration of the reference downlink resource for preemption indication equals to the monitoring periodicity of the group-common DCI carrying the preemption indication.
· DL reference resource in frequency domain

During the discussion in RAN1 NR AH#03, there are following options to determine frequency region of reference resource where pre-emption may happen.

· 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

Given a preemption with short time duration is usually spanned on a wide frequency bandwidth, the frequency region of the reference resource should be large enough. It is simpler to adopt option 2, i.e. frequency region of reference resource can be determined by the active DL BWP. If frequency region of reference resource is linked to the active BWP, there is no need to include the frequency domain indication for preempted resources in the preemption indication, which reduces the signaling overhead. 

During the discussion, there may be an issue when different UEs with different active BWPs monitor the same group common DCI, considering that, as mentioned above, a UE only monitors pre-emption indication within the active BWP. For example, the CORESET of group common DCI for pre-emption indication needs to be within the active BWP for a UE. So if different BWPs for different UEs, the CORESET for pre-emption indication needs to be in the overlapped part of each BWP of the group UEs. If the overlapping BWP of two UEs sharing group common DCI is too small which may not be sufficient for a group common PDCCH CORESET. Therefore, for this case, it is good to not to configure these two UEs into the same group for monitoring pre-emption indication. Only grouping the UEs with overlapping part of each BWP for pre-emption indication makes more sense.

Proposal 8: The frequency region of the reference downlink resource is implicitly derived by the active DL BWP
· Determination of pre-emption indication for time-frequency resources
The granularity of time domain pre-emption indication is configured by RRC. Determination of granularity of indicating the time resource should take into account the typical time duration of mini-slot scheduling and DCI payload size. The minimum granularity of indicating the time resource needs to be aligned with the minimum scheduled mini-slot duration. The finer granularity for indication of pre-empted resources, the less unexpected retransmission and flushing for a UE. 
Both time region of reference resource and the granularity of indicating the time resource have influence on DCI payload size. Therefore, granularity of indicating the time resource should be carefully decided, considering the payload size of DCI for pre-emption indication.
Another issue is whether multiple non-consecutive pre-emptions are allowed to be indicated in a group common DCI. It is depending on the traffic arrival rate of high priority traffic. If traffic load is heavy, multiple pre-emptions from different UEs can occur, which may pre-empt multiple non-consecutive resources. If traffic load is low, the probability of multiple UEs in the time domain may be small. Considering URLLC traffic is sporadic, the probability of multiple preemptions is low. Therefore, it may not be necessary to indicate multiple preemptions in time region. If traffic load becomes higher, gNB can configure a more frequent monitoring periodicity or smaller time region size for UEs monitoring the pre-emption indication. 
Proposal 9: The granularity of time domain pre-emption indication is configured by RRC. The minimum granularity of indicating the time resource is one symbol. 
As discussed above, if frequency region of DL reference resource for pre-emption indication is associated with UE active BWP, frequency domain indication for pre-empted resource is not needed. Meanwhile, the granularity of indicating frequency pre-empted resource is also not needed to be configured. 

If frequency region of DL reference resource for pre-emption indication is configured explicitly, the granularity of indicating frequency pre-empted resource should be coarse to reduce the required signalling bits in DCI. This is because the pre-emption may be spanned over a large bandwidth to enable a short transmission duration.
Proposal 10: If frequency region of DL reference resource for pre-emption indication is associated with UE active BWP, frequency domain indication for pre-empted resource is not needed.

Considering signalling overhead of indication for time domain pre-empted resource, a hierarchical method can be used. For example, a subset of time resource within the time region of reference resource is first indicated, e.g. indicating slot index where pre-emption happens. Secondly, the pre-empted resource(s) within the subset is indicated by a bitmap. Note that this is beneficial for pre-emption indication with monitoring periodicity larger than a slot. When monitoring periodicity is less than or equal to a slot, a bitmap indication for pre-empted resources can be used.

Proposal 11: Considering signalling overhead of indication for time domain pre-empted resource, a hierarchical method can be used. 
2.3 UE behaviors when receiving pre-emption indication

· UE behaviours related to pre-emption indication

With respect to the PDSCH with preemption, there are following options for the transmission timing of preemption indication.

· Option 1: The preemption indication transmitted during the preempted PDSCH transmission

· Option 2: The preemption indication transmitted after the preempted PDSCH transmission, but before the HARQ-ACK

· Option 3: The preemption indication transmitted after the HARQ-ACK for the preempted PDSCH transmission

Depending the configuration of group common DCI for pre-emption indication, e.g. monitoring periodicity, above transmission timing for pre-emption indication is allowed. What is more important, UE behaviors depending on the receiving timing of pre-emption indication need to be defined because there could be different UE behaviors.

Observation 1: Depending the configuration of group common DCI for pre-emption indication, e.g. monitoring periodicity, following transmission timing for pre-emption indication is allowed.
· Option 1: The preemption indication transmitted during the preempted PDSCH transmission

· Option 2: The preemption indication transmitted after the preempted PDSCH transmission, but before the HARQ-ACK

· Option 3: The preemption indication transmitted after the HARQ-ACK for the preempted PDSCH transmission

Depending on the receiving timing of pre-emption indication, there are following expected UE behaviors. 
· Discard preemption indication
· Re-decode the data according to the preemption indication before HARQ-ACK generation
· Flush the buffer for the preempted data without re-decoding
· Flush the newly received LLRs, if the DL preemption is decoded before PDSCH decoding

· Flush the combined LLRs, if the the DL preemption is decoded after the PDSCH decoding

There is no clear use case for UE behavior to discard preemption indication. It is beneficial for re-decoding the data according to the preemption indication for some UEs since it may avoid unnecessary retransmission. Whether a UE re-decode the data or flush the soft-buffer is dependent on UE minimum processing time. Note that the minimum processing time of UE for reception is related to UE capability. 
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Figure 1. Example of transmission timing of preemption indication

As shown in the Fig. 1, the minimum processing time of UE is expressed as N1. For example, an eMBB data transmission is scheduled in slot n and the corresponding HARQ-ACK timing is slot n+k, while preemption occurs in slot n. gNB transmits a preemption indication in slot n+k-x. After receiving a preemption indication, whether there is sufficient process time for data re-decoding depends on x. If x >= N1, there is sufficient processing time before HARQ-ACK feedback timing when a preemption indication in group common DCI is detected. The detected preemption indication can be used such that UE discards the preempted part of data and re-decodes the received data. UE then generates the HARQ-ACK based on the re-decoding. On the other hand, if x< N1, there is no sufficient time before HARQ-ACK feedback when preemption indication is detected. In result, UE is not expected to re-decode the data and feedback HARQ-ACK in time. UE needs to flush the preempted part of data in the soft buffer according to the preemption indication.

Proposal 12: For a PDSCH transmitted in slot n and corresponding HARQ-ACK to be transmitted in slot n+k, UE is not expected to receive a preemption indication after slot n+k-x, where x depends on the minimum processing time of UE.
Proposal 13: Depending on the receiving timing of pre-emption indication, following expected UE behaviors should be defined.
· If there is sufficient processing time between a preemption indication and HARQ-ACK generation, UE re-decodes the data according to the preemption indication before HARQ-ACK generation.

· If there is no sufficient processing time between a preemption indication and HARQ-ACK generation, UE flushes the preempted part of data in the soft buffer.

· UE behaviors for handling preemption of RS

A URLLC data transmission may be scheduled within the on-going scheduled eMBB data transmission resources, where part of the eMBB resources are pre-empted by URLLC data resources. Given the high priority of URLLC data transmissions, one or multiple resources of eMBB data transmissions may be preempted. It is very likely that resources of DL reference signal collide with the URLLC data transmission. 

It is straightforward that gNB relies on scheduling to avoid preemption of DL reference signaling.  When scheduling URLLC data transmission, gNB can puncture URLLC data, or rate-match URLLC data, or allocate different time/frequency resources for URLLC transmission. However, it may have impacts on the reliability of URLLC data transmission if URLLC data are punctured. Besides, the processing latency for URLLC data transmission may be increased if the collided data parts need to be rate-matched around the reference signal. Third, if URLLC data transmission is allocated to a different time/frequency resources, it may put limitation when scheduling URLLC data transmission, which in result may increase the transmission latency. 

Observation 2: DL reference signal, e.g. DMRS, CSI-RS, etc. can be preempted by URLLC data transmission.

Observation 3: Considering the high priority requirement of URLLC data transmission, to avoid preemption of reference when scheduling may lead to URLLC performance degradation and increased transmission latency.

When DL reference signal is preempted, channel estimation or channel measurement are corrupted, which may lead to false data decoding or channel state report. Therefore, how to handle preemption of reference signal and the related UE behavior need to be defined.
When DMRS of the scheduled PDSCH is pre-empted, it has impact on channel estimation. Depending the receiving timing of pre-emption indication and the pre-empted resources for DMRS, there can be different UE behaviours for the corresponding PDSCH.
If the DMRS for slot-based PDSCH where there is no additional DMRS is pre-empted, UE needs to flush the corrupted soft-bits and generate NACK for the corresponding PDSCH, since the channel estimation becomes invalid in such case.
If front loaded DMRS for PDSCH where there is additional DMRS is pre-empted, UE may or may not be able to re-decode the PDSCH based on the additional DMRS. It should be dependent on the UE processing capability. Since the front loaded DMRS is used for fast data processing, the processing delay for data may increase when front loaded DMRS is pre-empted. Therefore, UE tries to re-decode the PDSCH only if there is sufficient processing time between receiving of pre-emption indication and HARQ-ACK generation. There is a similar situation when additional DMRS for PDSCH is pre-empted. There is an issue of channel estimation accuracy only based on front-loaded DMRS since an additional DMRS is usually for the purpose of improving channel estimation for high mobility scenario. 

Proposal 14: When either front loaded DMRS or additional DMRS is pre-empted, UE can try to re-decode the PDSCH if there is sufficient processing time between receiving of pre-emption indication and HARQ-ACK generation. Otherwise, UE feeds back NACK for the corresponding PDSCH.

A pre-emption of CSI-RS has negative impact on channel measurement or beam management. Since UE would measure the preemption signal instead of the expected reference signal, the measurement results are no longer valid. Depending on the corresponding reporting mechanism for the CSI-RS, UE may have different behaviours. 
When CSI-RS is pre-empted, a UE triggered with an aperiodic CSI report needs to discard the aperiodic CSI report. To be more specific, a UE can discard the corresponding subband CSI report if partial CSI-RS is pre-empted. On the other hand, for a UE configured with periodic CSI report, the UE can postpone the CSI report until receiving another valid CSI-RS or report the CSI measurement results of last valid CSI-RS. 
For the case of pre-emption of other RS, e.g. PTRS, or TRS, similar handling methods as DMRS or CSI-RS can be adopted.
3. UL multiplexing
In uplink, in order to satisfy the low latency requirement, URLLC transmission needs to multiplexed with eMBB transmission on one carrier. There are two options for multiplexing URLLC and eMBB data transmissions. One is to reserve a certain amount of resources for URLLC data transmission. If the URLLC traffic is periodic and constant, it is efficient to reserve such resources. However, if the traffic is sporadic, resource reservation for URLLC data would result in low resource utilization. 
For UL multiplexing data with different transmission durations, a simple method is by gNB scheduling. eMBB and URLLC UE can use the same scheduling granularity e.g. slot-based scheduling with the same numerology, or non-slot-based scheduling. The timing between UL grant and data transmission can be reduced to meet latency requirement. For this method, no specific specification impact is expected and no additional UE behavior is introduced. 

Proposal 15: UL multiplexing data with different transmission durations based on gNB scheduling should be the baseline scheme.

· UL preemption
Compared with DL, UL multiplexing data with different transmission durations is more complicated. Unlike DL where preemption is performed at gNB side and is transparent to UEs, UL multiplexing of eMBB and URLLC data may be associated with different UEs. For example, one eMBB UE is no aware of when and where an URLLC transmission from a different UE happens, especially when URLLC transmission is based on UL transmission without grant. 

One possible method is to indicate eMBB UE to postpone the data transmission by a suspending indication. The suspending indication can be transmitted using UL grant, or other signal/channel. After receiving the suspending indication, a UE can suspend its data transmission or drop the data transmission. Based on the arrival timing of URLLC service with respect to eMBB data transmission, there are different options for transmission of the suspending indication.
· Case 1: URLLC services arrive before eMBB data transmission. 
· Case 2: URLLC services arrive during eMBB data transmission
For case 1, an eMBB data transmission has been scheduled by UL grant but is not started yet, while an URLLC data transmission is scheduled to the allocated eMBB resources. In order to notify the impacted eMBB UE, gNB transmits an indication to suspend UL transmission of eMBB UE. After receiving the suspension indication, the eMBB UE postpones the data transmission until receiving a new UL grant. 
As shown in Fig.2, eMBB UE, UE1, is scheduled for a UL data transmission in slot n, where URLLC service for UE2 arrives before slot n. gNB transmits a suspending indication for UE1 before data transmission in slot n and postpones the eMBB UL transmission. Then the URLLC data of UE2 are transmitted in slot n. The eMBB transmission can be scheduled based on a later UL grant by gNB. 
For case 2, an eMBB data transmission has been started but is not finished yet, while an URLLC data transmission is scheduled to the allocated eMBB resources. Similar to case 1, gNB can transmit an indication to suspend or drop UL transmission of eMBB UE. However, in this case, a UE needs to monitor the suspending indication in a DL control channel using mini-slot or symbol level PDCCH monitoring. Whether UE can decode the suspending indication in DL control signaling during UL data transmission is highly dependent on UE’s capability and it will increase UE’s power consumption. Besides, there is an issue for TDD where there could be no DL symbols for suspending indication during UL transmission.   
Proposal 16: Whether and how to support suspending indication for UL multiplexing and the related UE behaviours need further discussions.
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Figure 2. Example of suspending eMBB transmission 

4. Conclusion

In this document, we discuss DL pre-emption and UL multiplexing for different transmission durations. The observations and proposals are summarized as bellowed:
Observation 1: Depending the configuration of group common DCI for pre-emption indication, e.g. monitoring periodicity, following transmission timing for pre-emption indication is allowed.
· Option 1: The preemption indication transmitted during the preempted PDSCH transmission

· Option 2: The preemption indication transmitted after the preempted PDSCH transmission, but before the HARQ-ACK

· Option 3: The preemption indication transmitted after the HARQ-ACK for the preempted PDSCH transmission

Observation 2: DL reference signal, e.g. DMRS, CSI-RS, etc. can be preempted by URLLC data transmission.
Observation 3: Considering the high priority requirement of URLLC data transmission, to avoid preemption of reference when scheduling may lead to URLLC performance degradation and increased transmission latency.
Proposal 1: UE can be configured to monitor the group common PDCCH for SFI and group common PDCCH for pre-emption indication independently.
Proposal 1: UE can be configured to monitor the group common PDCCH for SFI and group common PDCCH for pre-emption indication independently.

Proposal 2: Different DCI formats or different RNTIs can be used to distinguish the DCI for pre-emption indication and DCI for other purposes.

Proposal 3: The specified minimum monitoring periodicity for pre-emption indication should be one symbol.
Proposal 4: A UE is not required to monitor pre-emption indication for a slot where PDSCH is not scheduled, or within DRX slots.

Proposal 5: After detecting a DL grant for PDSCH, UE starts to monitor pre-emption indication at the first available monitoring occasion. Proposal 6: A UE only monitors the group common DCI for pre-emption indication within the active BWP
Proposal 7: Confirm the working assumption: the time duration of the reference downlink resource for preemption indication equals to the monitoring periodicity of the group-common DCI carrying the preemption indication.
Proposal 8: The frequency region of the reference downlink resource is implicitly derived by the active DL BWP.
Proposal 9: The granularity of time domain pre-emption indication is configured by RRC. The minimum granularity of indicating the time resource is one symbol. 
Proposal 10: If frequency region of DL reference resource for pre-emption indication is associated with UE active BWP, frequency domain indication for pre-empted resource is not needed.
Proposal 11: Considering signalling overhead of indication for time domain pre-empted resource, a hierarchical method can be used.
Proposal 12: For a PDSCH transmitted in slot n and corresponding HARQ-ACK to be transmitted in slot n+k, UE is not expected to receive a preemption indication after slot n+k-x, where x depends on the minimum processing time of UE.
Proposal 13: Depending on the receiving timing of pre-emption indication, following expected UE behaviors should be defined.
· If there is sufficient processing time between a preemption indication and HARQ-ACK generation, UE re-decodes the data according to the preemption indication before HARQ-ACK generation.

· If there is no sufficient processing time between a preemption indication and HARQ-ACK generation, UE flushes the preempted part of data in the soft buffer.

Proposal 14: When either front loaded DMRS or additional DMRS is pre-empted, UE can try to re-decode the PDSCH if there is sufficient processing time between receiving of pre-emption indication and HARQ-ACK generation. Otherwise, UE feeds back NACK for the corresponding PDSCH.
Proposal 15: UL multiplexing data with different transmission durations based on gNB scheduling should be the baseline scheme.
Proposal 16: Whether and how to support suspending indication for UL multiplexing and the related UE behaviours need further discussions.
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