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1. Introduction 

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

	Working assumption:

· DCI payload size for preemption indication is configurable by RRC
· FFS the interaction with DCI payload size for SFI especially in terms of RRC configuration, and potentially other DCI formats

Agreements:

· Within a PUCCH group, UE can be configured to monitor group common PDCCH for pre-emption indication for a Scell on a different serving cell
· One DCI can contain one or more pre-emption indication field(s) corresponding one or more serving cells
· Each field (14bits bitmap) for one serving cell
· RRC configures the PI field location in the DCI format that is applied to that cell
Agreements:

· Supported periodicities for slot level preemption monitoring are
· 1, 2, TBD1, TBD2 slots



For DL multiplexing data with different transmission durations, there were already intensive discussions and many constructive conclusions were made. 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 the remaining issues on DL pre-emption indication and also provide our views on UL multiplexing with different transmission durations. This contribution is revised from R1-1719798.   
2. Discussion on DL pre-emption
2.1 Group common DCI for pre-emption indication

· DCI payload size for pre-emption indication
A UE may be configured with one or multiple active serving cells. For a UE configured with single serving cell, size for DL pre-emption indication is 14-bit. As described in [3], an identifier for DCI format needs to be included in DCI for DL pre-emption indication. The size of identifier is still under discussion. Therefore, the DCI payload size for DL pre-emption indication for single serving cell case should be at least 14 bits.
For a UE configured with multiple serving cells, UE can be configured to monitor group common DCI for preemption indication in a given cell, where the DCI includes multiple preemption indications for one or multiple cells. Therefore, the DCI payload size for preemption indication is dependent on the number of serving cells configured with preemption indication. According to [3], up to 16 serving cells can be configured to a UE. However, the DCI payload size would become huge if a DCI including multiple pre-emption indications for a lot of serving cells. Thus, it is reasonable to set appropriate number of pre-emption indications for multiple serving cells. 
To avoid increasing of blind decoding, DCI payload size for preemption indication needs to aligned with other group common DCI formats. Therefore, DCI payload size aligned with the other DCI formats should be supported. Since DCI payload size for other group common DCI formats is under discussion, the DCI payload size of DCI for DL pre-emption indication can be {[14], [28], TBD1, TBD2, TBD3}.
Proposal 1: At least following DCI payload sizes for DL preemption indication is supported
· {[14], [28]}
· Further discussion on other DCI payload sizes for DL pre-emption indication to aligned with other DCI formats

· Monitoring periodicity for for DL preemption indication
Regarding monitoring periodicity for DL preemption indication, following agreements were made in RAN1 #91 meeting.

	Agreements:

· Supported periodicities for slot level preemption monitoring are
· 1, 2, TBD1, TBD2 slots


There are two remaining values of monitoring periodicity for DL preemption indication. As already agreed, the time duration of DL reference resource is equal to the monitoring periodicity of DL preemption indication. Besides, a 14-bit bitmap is included in DL preemption indication per serving cell to indicate the preempted resources in time domain. With the monitoring periodicity of DL preemption indication increased, the time domain granularity of preemption indication becomes coarser, which may cause unnecessary retransmission. Therefore, we propose the remaining monitoring periodicities for DL preemption indication are 4 and 5 slots.
Proposal 2: Support following additional monitoring periodicities for DL preemption indication

· 4, 5 slots
2.2 UE monitoring behaviour for DL pre-emption indication
In RAN1 #90bis and RAN1 #91 meetings, following agreement was made regarding the monitoring behaviour of group common PDCCH for DL pre-emption indication [1][2].

	RAN1 #90bis:

Agreements:

· For slot level monitoring periodicity, UE is not required to monitor preemption indication for a slot in which PDSCH is not scheduled
RAN1 #91:
Agreements:
· The UE is not expected to take into account a PI detected in a BWP for a PDSCH scheduled in a different BWP of the same serving cell.


As the agreement given above, a UE needs to monitor DL pre-emption indication only after PDSCH is scheduled. It is beneficial to reduce UE power consumption for monitoring of DL pre-emption indication. Besides, if a UE has changed its active DL BWP after detecting a pre-emption indication, it should not take the detected pre-emption indication into account. Therefore, these agreements should be captured in the specification. Text proposal on 38.213 can be referred to Chapter 6.
3. Discussion on UL multiplexing
In uplink, in order to satisfy the low latency requirement, URLLC transmission needs to multiplexed with eMBB transmission on one carrier. It is simple 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. Therefore, to improve the resource utilization, dynamic multiplexing for UL data with different transmission durations should be supported. 
Proposal 3: Dynamic UL multiplexing data with different transmission durations should be supported in NR.

2.1 Inter-UE multiplexing transmissions of eMBB UE and URLLC UE with dynamic grant
For an eMBB UE, data transmission is scheduled by UL grant in slot-based transmission. A time offset between UL grant reception and the scheduled slot-based PUSCH transmission is indicated as K2 by the UL grant. After the UL grant is transmitted, gNB may schedule another data transmission for a URLLC UE on the resources that are granted for eMBB UE. If eMBB UE is no aware of the granted resources are “re-allocated” to URLLC UE, it would transmit the eMBB data on the collided resources, which in result will degrade performance of both URLLC UE and eMBB UE due to the unexpected inter-UE interference. Therefore, it is necessary to avoid the interference from eMBB UE to URLLC UE to guarantee the QoS of URLLC data transmission. 

One solution is, similarly to DL pre-emption indication, to indicate eMBB UE to avoid collision transmission by a UL suspending indication. The suspending indication can be transmitted by gNB or URLLC UE. If the suspending indication is transmitted by URLLC UE, additional channel/signal should be designed, which demands great standardization effort. Besides, transmitting an additional signal at UE side will result in increased UE power consumption and unexpected interference. Therefore, it is safer to transmit the suspending signal by gNB. 
There are two options to signal the suspending indication.
· Option 1: dedicated signalling for suspending indication

· Option 2: group common signalling for suspending indication (similar to DL pre-emption indication) 

For option 1, suspending indication is signalled to the pre-empted eMBB UE by a dedicated DCI. The UL grant scheduling URLLC PUSCH can be reused as the dedicated DCI carrying suspending indication. An eMBB UE can be configured to monitor the dedicated DCI for suspending indication. Typically, a UL pre-emption may occupy a wide bandwidth which may affect multiple eMBB UE’s PUSCH. Therefore, gNB needs to send multiple PDCCHs to suspend the UEs being affected. The PDCCH overhead used for UL suspending signaling would be increased, especially when URLLC traffic load increases. 

For option 2, it is similar to the framework of DL pre-emption indication. A group common PDCCH carrying UL suspending indication for a group of UEs is transmitted by gNB. A UL reference resource at which the UL suspending indication is targeting needs to be defined. Differently from DL preemption indication which is transmitted after the PDSCH being pre-empted, the UL suspending indication should be transmitted before the URLLC PUSCH in order to avoid interference from eMBB transmission to the URLLC transmission. Nevertheless, a unified structure of DL pre-emption indication and UL suspending indication is preferred.

Proposal 4: UL suspending indication can be indicated to eMBB UE by gNB using group-common DCI or UE-specific DCI.
For an eMBB UE with slot-level PDCCH monitoring configured, an UL suspending indication needs to be transmitted at the beginning of slots before the transmission of scheduled PUSCH for eMBB data. The time relationship among UL grant, UL suspending indication and scheduled PUSCH is shown in Figure 1. In the figure, for eMBB UE1, K, time offset between UL grant and scheduled PUSCH, is provided by UL grant in slot n. gNB receives SR for URLLC from UE2 and schedules the resources for URLLC PUSCH in slot n+K. In order to prevent interference to URLLC UE, gNB sends an UL suspending indication in slot n+K-X, where X is defined as time offset between UL suspending indication and the targeted PUSCH transmission. The time offset X can be configured semi-statically by RRC or indicated dynamically by UL suspending indication in DCI. 
Another issue is that if an eMBB UE received UL grant is ready for PUSCH transmission in slot n+K, it would need some time to cancel the PUSCH transmission after receiving an UL suspending indication indicating UL pre-emption in slot n+K. Otherwise, eMBB UE would not suspend PUSCH transmission and interference from eMBB UE is inevitable. Therefore, the time offset should be determined at least based on UE processing capability.
Proposal 5: In order to prevent interference to URLLC UE in slot n+K, gNB can send an UL suspending indication in slot n+K-X, where X is defined as time offset between UL suspending indication and the targeted PUSCH transmission.

[image: image1]
Figure 1: An example of multiplexing of eMBB UE and URLLC UE and timing of UL suspending indication
· UE behaviour related to UL suspending indication
Regarding UE behaviors after receiving UL suspending indication, there are following options for eMBB UE.
· Option 1 : UE suspends the whole eMBB PUSCH.

· Option 2 : UE suspends partial eMBB PUSCH in the preempted resources as indicated by UL suspending indication

· Option 3 : UE suspends the remaining eMBB PUSCH after preemption as indicated by UL suspending indication.

For option 1, it is simple and influence each other for eMBB PUSCH and URLLC PUSCH can be avoided. However, it is only applicable when UL suspending indication is received before eMBB PUSCH transmission.
However, for option 2, there is an issue for eMBB PUSCH due to discontinuous phase for eMBB PUSCH. To ensure the performance of remaining part of eMBB PUSCH, additional DMRS may be needed.

Proposal 6: Discuss further on the UE behaviours related to UL suspending indication.

2.2 Intra-UE multiplexing of grant-based and grant-free transmission with different durations
When UL grant-free resources are configured for URLLC data transmission, priority rules between grant-free resources and grant-based resources need to be defined. Considering the latency and reliability requirement, URLLC data are preferred to be transmitted using UL grant-free resources. However, there may be collision between different UEs if using grant-free resources. Grant-based resources can also be used given that interference is controlled by gNB. However, a grant-based resources for low priority services may not be feasible for URLLC services in terms of latency and reliability. Therefore, how to handle collision of grant-free transmission and grant-based transmission for services with different priorities should be further discussed. Details can be referred to our companion contribution [5].
4. Conclusion

In this document, we discuss UL multiplexing for different transmission durations. The observations and proposals are summarized as bellowed:
DL preemption indication
Proposal 1: At least following DCI payload sizes for DL preemption indication is supported

· {[14], [28]}

· Further discussion on other DCI payload sizes for DL pre-emption indication to aligned with other DCI formats

Proposal 2: Support following additional monitoring periodicities for DL preemption indication

· 4, 5 slots
UL multiplexing

Proposal 3: Dynamic UL multiplexing data with different transmission durations should be supported in NR.
Proposal 4: UL suspending indication can be indicated to eMBB UE by gNB using group-common DCI or UE-specific DCI.
Proposal 5: In order to prevent interference to URLLC UE in slot n+K, gNB can send an UL suspending indication in slot n+K-X, where X is defined as time offset between UL suspending indication and the targeted PUSCH transmission.
Proposal 6: Discuss further on the UE behaviours related to UL suspending indication.
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6. Text proposal on 38.213
11.2
Discontinuous transmission indication 

If a UE is provided higher layer parameter Preemp-DL and Preemp-DL= ON, the UE is configured with an INT-RNTI provided by higher layer parameter INT-RNTI for monitoring PDCCH conveying DCI format 2_1 [5, TS 38.212]. The UE is additionally configured: 

-
control resource set(s) and respective search space sets for monitoring PDCCH with DCI format 2_1 as described in Subclause 10.1;
-
a set of serving cells by higher layer parameter INT-cell-to-INT;
-
a mapping for each serving cell in the set of serving cells to a field in DCI format 2_1 by higher layer parameter cell-to-INT;
-
an information payload size for DCI format 2_1 by higher layer parameter INT-DCI-payload-length;
-
a monitoring periodicity for PDCCH with DCI format 2_1 by higher layer parameter INT-monitoring-periodicity;
-
an indication granularity for time-frequency resources by higher layer parameter INT-TF-unit.
If a UE detects a DCI format 2_1 for a serving cell from the configured set of serving cells, the UE may assume that no transmission to the UE is present in PRBs and in symbols, from a set of PRBs and a set of symbols of the last monitoring period, that are indicated by the DCI format. 

The set of PRBs is equal to the active DL BWP as defined in Subclause 12 and includes 
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If a UE detects a DCI format 2_1 in a PDCCH transmitted in a control resource set in slot 
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, the set of symbols indicated by a field in DCI format 2_1 includes the last 
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 symbols prior to the first symbol of the control resource set in slot 
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 is the value of the parameter INT-monitoring-periodicity and 
[image: image7.wmf]m

 is a natural number.
If the UE is configured with higher layer parameter UL-DL-configuration-common, symbols indicated as uplink by UL-DL-configuration-common are excluded from the last 
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. The  resulting set of symbols includes a number of symbols that is denoted as 
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The UE is configured the indication granularity for the set of PRBs and for the set of symbols by higher layer parameter INT-TF-unit. 
If the value of INT-TF-unit is 0, 14 bits of a field in DCI format 2_1 have a one-to-one mapping with 14 groups of consecutive symbols from the set of symbols where each of the first 
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 symbols, a bit value of 0 indicates transmission to the UE in the corresponding symbol group and a bit value of 1 indicates no transmission to the UE in the corresponding symbol group. 

If the value of INT-TF-granularity is 1, 7 pairs of bits of a field in the DCI format 2_1 have a one-to-one mapping with 7 groups of consecutive symbols where  each of the first 
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 symbols, a first bit in a pair of bits for a symbol group is applicable to the subset of 
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 PRBs, a second bit in the pair of bits for the symbol group is applicable to the subset of last 
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 PRBs, a bit value of 0 indicates transmission to the UE in the corresponding symbol group and subset of PRBs, and a bit value of 1 indicates no transmission to the UE in the corresponding symbol group and subset of PRBs.

A UE is not required to monitor DCI format 2_1 for a serving cell for a slot in which a PDSCH for the UE is not scheduled.

A DCI format 2_1 detected in an active DL BWP is not applied for a PDSCH scheduled in a different DL BWP for the same serving cell.
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