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Discussion and Decision
1
Introduction
Dynamic multiplexing between eMBB and URLLC traffic in the downlink has been well specified so far in Rel-15 standards. However, how to multiplex various traffic in the uplink is still open as captured in TR38.824. Following was concluded from the eURLLC SI: “Recommend both UL cancelation scheme and enhanced UL power control scheme to be specified”. The RAN plenary #83 (March-2019) approved the “Physical Layer Enhancements for NR Ultra-Reliable and Low Latency Communication (URLLC) WID (RP-190726)”, where the following objective appears (one among many):

· Specification of enhanced inter UE Tx prioritization/multiplexing [RAN1]

· UL cancelation scheme (see section 7.2.1 in TR 38.824) 
· Enhanced UL power control scheme (see section 7.2.2 in TR 38.824)  
Given the above, we present further details for the uplink preemption (i.e. uplink cancellation scheme) solution in the Section 2, while Section 3 is focused on UL power control enhancements. Section 4 concludes the contribution.
2
Refinement of uplink cancelation solution

At RAN1#98-BIS there was good progress on the uplink cancellation: R1-1910560, R1-1911660, R1-1911688. For the sake of easy referencing, we list the agreements with FFS in the following subsections as we present our views on those.
But going into the details of the FFS points on UL CI indication, there is still one overall issue on the PUSCH cancellation to be clarified. At RAN1#98bis as part of the UCI enhancements discussions, it has been agreed to define a 2-level PHY priority for PUSCH. Clearly, canceling any PUSCH overlapping with the indicated resources of UL CI would result also in cancelation of high priority (i.e. URLLC) PUSCH for mixed traffic UEs. It could also result in preempting PUSCH being mistakenly cancelled because the UE is not aware that this is the preempting PUSCH. Therefore, we propose that only ‘lower priority PUSCH’ is subject to UL CI cancellation. 

Proposal 2-1: Only ‘low priority’ PUSCH (of the 2-level PHY PUSCH priority) is subject to UL cancelation through UL CI. 

2.1 Remaining details of uplink CI indication

Size of UL CI per serving cell & DCI size:

The following related RAN1 agreements are available from RAN1#98bis: 

· The DCI payload size for UL CI is configured by RRC

· One value of X is 14 
· FFS possible values

· Each UL cancelation indicator per serving cell has a RRC configurable field size of X bits 

· One value of X is 14

· FFS other values (e.g. X can be N (N>0) times of 7)

On the overall DCI size for UL CI monitoring / DCI format 2_4, we got the parameter maxCI-DCI-PayloadSize based on the agreed RRC parameters. In line with DCI format 2_1 for DL PI, a maximum size of 126 bits should be supported (i.e. maxCI-DCI-PayloadSize =126). 

Looking at the size of an individual UL cancelation indication given by CI-PayloadSize, there is from our perspective no real reason to restrict it to be only multiples of 7 or 14 bits, as the overall DCI size of DCI format 2_4 is anyhow configurable which allows the DCI size alignment with DCI format 2_1 (if DL PI is configured) or any other DCI format if needed. Therefore, the CI-PayloadSize could be any value that is best suited for the gNB considering the configured reference time region, reference frequency region and time domain granularity. In addition, the number of UL CI messages in DCI format 2_4 is variable and may only include a single UL CI message. Therefore, we suggest having flexibility in the configurable size within the full range of the size of DCI format 2_4. 

Proposal 2-2: Related to size of the UL CI indication, the following is supported:

· maxCI-DCI-PayloadSize =126
· The supported value range of CI-PayloadSize is the same value range as for dci-PayloadSize-forCI (i.e. 0… maxCI-DCI-PayloadSize)
Interpretation of ‘2D-bitmap’ with respect to 38.213, Sec. 11.5
In the drafting of the 38.213 specs, there had been different opinions on the definition of a ‘2D bitmap’, the interpretation of the 38.213 editor where the number of bits needed for indication is given by NSI+NBI, whereas some companies have a different interpretation where the number of required bits is given by NSI*NBI, with NSI and NBI to be the number of bits available to indicate different t-domain and f-domain chunks.

We are more leaning towards the interpretation of the 38.213 editor, as this will clearly allow for a better resolution (granularity) in time & frequency domain. 

Proposal 2-3: Adopt the interpretation of the 38.213 editor on the usage of the UL CI bits, i.e. adopt the ‘NSI+NBI‘ interpretation (and not NSI*NBI). 
Final details of time-domain reference & granularity indication

The following related RAN1 agreements are available from RAN1#98bis:
· The reference time region where a detected UL CI is applicable is determined by the following:

· The reference time region starts from X symbols after the ending symbol of the PDCCH CORESET carrying the UL CI, where X is at least equal to the minimum processing time for UL cancelation

· FFS X can be configured to be larger than the minimum processing time for UL cancelation

· The duration of the reference time region is configured by RRC

· FFS Possible values (e.g. 2OS, 4OS, 7OS, 14OS, 28OS?)

· FFS DL symbols are excluded from the reference time region

· The time domain granularity for the reference time region is configured by RRC

· FFS the possible values (e.g. the time region can be divided into [1],[2],[4],[7],[14],…portions)

· FFS valid configurations according to the duration of the time reference region

On the first FFS point, we think that allowing the starting point X to be configurable (being larger than the minimum processing time) to be of advantage. First, for 30kHz SCS with Tproc,2=5.5 symbols, this does not really fit an integer value in number of symbols. Making this configurable for the gNB will allow a better granularity in terms of t-domain allocation when also being able to define the starting point for the reference time region. A related value range of up to 16 symbols should be supported. 
On the duration of the reference time region, especially for TDD some longer values (up to 2 slots / 28 symbols) should be supported. But in contrast to the example numbers from the RAN1#98bis FFS, we do not think that we need to define courser granularity or a limited fixed set but just allowing a value range of [1…28] symbols to be appropriate. 

Similarly, for the time domain granularity having only a limited fixed set of granularities does not seem to make too much sense. Therefore, we suggest a value range for the time domain granularity of [1…14] symbols. The gNB can then select the appropriate values depending on the number of UL CI indications and align the size with DCI format 2_1 (if needed / configured).  Otherwise, we don’t further really see any need to define valid configurations (but leave this to gNB). 
Excluding for TDD fixed DL symbols from the ‘time symbol counting’ can enable a better resolution of the time domain indication. Therefore, we suggest for TDD to exclude semi-static DL symbols from the counting of symbols. 

So overall, the following details on the time-domain definition of UL CI is suggested: 

Proposal 2-4: The following details on the time-domain definition of UL CI are supported:

· The starting point X of the reference time region is RRC configurable (X≤16 symbols, e.g. using a new RRC parameter starttimeforCI)

· The value range for timedurationforCI is 1…28 symbols.
· The value range for timeGranularityforCI is 1...14 symbols
· For TDD, semi-static DL symbols are excluded in the definition of the reference time-region. 

Final details of frequency domain time-domain reference & granularity indication

It has been agreed to support a configurable reference frequency region, but in the drafting of TS 38.213 it turned out that details of this configuration are still pending (i.e. consecutive PRBs vs disjoint PRBs). 
We think that the support of consecutive PRBs is sufficient and a configuration similar to resource allocation Type 1 (i.e. starting PRB / number of PRBs) using the Rel-15 RIV formula from Type 1 FDRA with 16bits (to cover up to 264 PRBs) could be used. 
Proposal 2-5: The reference frequency region frequencyRegionforCI is configured with 16bits (0…. 65 535) and uses the RIV formula of the Rel-15 Type 1 resource allocation. 
2.2 UE monitoring for uplink cancellation indication
At RAN1#98bis, the following was agreed on UE monitoring:

Agreements:

· Regarding UL CI monitoring, support the following:

· A new RNTI (e.g. CI-RNTI) is used for UL CI

· FFS: Monitoring periodicity larger than [5] slot is not supported for UL CI

· The aggregation level(s) and the number of PDCCH candidates configured by RRC 

· FFS possible restrictions, e.g., the ones associated with SFI
Regarding FFS on restrictions of the configuration for UL CI monitoring, we don’t see any need for restricting the configuration from gNB perspective. 
First, we don’t see a need to prevent monitoring periodicities larger than X slots, as depending on the traffic type and usage of the NR radio, URLLC or TSN type of traffic with larger periodicities could be possible as well.
Equally, we don’t see a need to restrict the number of BDs / CCEs for the associated monitoring in the specifications, as long as they are not exceeding the UE PDCCH monitoring capabilities. 

Proposal 2-6: Do not specify any (further restrictions), such as limited number of ALs, PDCCH candidates, min. / max. monitoring periodicities, for UL CI monitoring.  

The monitoring for uplink cancellation indication should be cleverly managed to prevent unnecessary computational burden and power consumption for the UE. As an example, for cells with low offered load (or only eMBB traffic) uplink cancellation is not likely to be used, and hence there is no need to have UE monitor for uplink CI. On the contrary, for loaded cells with a mixture of eMBB and URLLC traffic, having UEs with eMBB traffic monitoring for uplink CI is an advantage. UEs that are configured to monitor for uplink cancellation indication shall naturally only monitor for such signaling during time periods where it is eligible to have its uplink transmissions cancelled. As discussed in the previous section, the earliest starting point of the reference time domain region is defined by Tproc,2 and as suggested in the previous section should be based on RRC configuration (i.e. starting point X ≥ Tproc,2). Independently, we discuss in here the monitoring using the assumption of Tproc,2, with Tproc,2 to be replaced by the parameter [starttimeforCI] if agreed. Given the former, we consider the following cases:
· Monitoring for uplink cancellation of DG PUSCH: Once the UE receives an uplink DG, it shall start to monitor for uplink cancellation indication and continue monitoring at least until Tproc,2 symbols before the end of the DG PUSCH transmission. An example of the related UE UL cancellation indication monitoring behavior is shown in Figure 1, where the UL cancellation indication monitoring occasions the UE is (at least) required to monitor are marked in red.  

· Monitoring for uplink cancellation of semi-persistent and CG PUSCH transmissions: The UE shall monitor for uplink CI at least Tproc,2 symbols before the start of a semi-persistent / CG PUSCH transmissions and continue to monitor for uplink cancellation indication at least until Tproc,2 symbols before the end of the such PUSCH transmissions. The UE must take the configured monitoring occasions for UL CI into account, when defining the starting point of the monitoring as illustrated in Figure 2. The UE is to start monitoring at latest in the UL CI monitoring occasion ending Tproc,2 symbols before the start of the PUSCH transmission. The UL CI monitoring occasions the UE is (at least) required to monitor are marked in red in the example of Figure 2. It may be further discussed, if the UE should be required to not just start from a single PDCCH occasion before the start of the PUSCH, but maybe consider a larger configured number of PDCCH occasions for UL CI monitoring to provide more flexibility in the timing when the gNB can send the UL CI message. 
· Monitoring for uplink cancellation indication of aperiodic SRS: When aperiodic SRS is subject to UL cancellation, once the UE receives a dynamic UL grant or DL assignment triggering aperiodic SRS transmission, the UE shall start to monitor for uplink CI and continue (at least) until Tproc,2 symbols before the end of the triggered / aperiodic SRS transmission. This monitoring behavior is illustrated in Figure 2 and is the same as for DG PUSCH.    

· Monitoring for uplink cancellation of semi-persistent and periodic SRS: When SRS is subject to uplink preemption, the UE will have to monitor for uplink preemption indication at least Tproc,2 symbols before the SRS transmission for the UE taking the configured UL CI monitoring occasions into account. The UL CI monitoring behavior is the same as for semi-persistent and CG PUSCH above and is illustrated in Figure 2. 
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Figure 1: Example illustration of UE monitoring for uplink CI of DG PUSCH and triggered SRS. transmission.

[image: image2]
Figure 2: Example illustration of UE monitoring for uplink CI 
of semi-persistent and periodic (CG) PUSCH / SRS transmissions.

Proposal 2-7: UEs configured for UL CI monitoring are only mandated to monitor for uplink cancellation indication during certain time periods (to enable power saving) defined as:

· For DG PUSCH and triggered/aperiodic SRS transmission, the UE shall start monitoring after having received (decoded) the DCI scheduling PUSCH or triggering SRS transmission and continue monitoring at least till Tproc,2 symbols before the end of the DG PUSCH / aperiodic SRS transmission. 
· For semi-static PUSCH/SRS, CG PUSCH and periodic SRS, the UE shall start monitoring at latest in the latest UL cancellation indication monitoring occasion ending no later than Tproc,2 symbols before the start of the respective PUSCH or SRS transmission and continue monitoring at least till Tproc,2 symbols before the end of the respective PUSCH / SRS transmission.
· FFS if the UE could be required to start slightly earlier, e.g. 2 or 3 UL cancellation indication monitoring occasions ending no later than Tproc,2 symbols before the respective UL transmission start. 
· If RAN1 agrees to support the starting time of the reference time region for UL CI to be configurable (e.g. using parameter starttimeforCI), Tproc,2 is to be replaced by starttimeforCI.  
Let’s now look at the predictability of the UL cancellation operation from gNB perspective. For semi-static and periodic SRS/PUSCH (incl. CG PUSCH), the gNB will be aware of the required UE monitoring and therefore, if the UE is able to cancel its transmission in time. In contrast, for DG PUSCH and triggered SRS illustrated in Figure 2, there is still the uncertainty for the gNB when the UE actually would start latest for UL cancellation indication monitoring after receiving the UL grant / SRS trigger, as the required time for DCI decoding (noted as ‘Nx’ in Figure 2) is currently not defined. Clearly, as a worst-case assumption Tproc,2 could be used here but this will very much limit the UL cancellation indication operation, as the UL PI could apply earliest after 2xTproc,2+PDCCH_length. Therefore, RAN1 may consider defining some maximum delay between the UL grant / SRS trigger and the start for UL cancellation monitoring.
Proposal 2-8: Consider defining some maximum delay between the UL grant / SRS trigger and the start for UL cancellation indication monitoring.

2.3 Early re-transmission scheduling for cancelled PUSCH transmissions

Based on Rel-15 behavior, the UE is not expecting any PUSCH re-transmission grant during an ongoing PUSCH transmission of the same TB / HARQ process. But with the UL cancelation, the gNB may be already at the time when sending the UL CI aware of the fact that it will not be able to decode the PUSCH correctly. Therefore, it may be of advantage to support the re-transmission scheduling as soon as the UL CI is signaled, as shown in Figure 3.   
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Figure 3: Enable combination of GC-DCI for pre-emption signaling and UL grant-based re-Tx.

 
Proposal 2-9: A UE configured for UL CI monitoring may expect a re-transmission grant of a pre-empted PUSCH transmission already before the end of the initial PUSCH allocation, which may be scheduled a PUSCH re-transmission immediately following the last transmitted symbols of the cancelled PUSCH. 

2.4 Increased PDCCH monitoring capability for UL cancellation 
As discussed in the previous subsection, for efficient UL cancellation indication operation the UE would need to be configured with rather frequent (e.g. on mini-slot level) monitoring for UL cancellation indication and such monitoring would be in addition to Rel-15 eMBB operation. Assuming a 2-symbol periodicity for GC-DCI UL cancellation indication monitoring, at least 7*8= 56 CCEs and 7 PDCCH candidates on CSS per slot will need to be monitored for UL cancellation alone consuming e.g. already the full Rel-15 monitoring capabilities in terms of maximum number of non-overlapping CCEs per slot of 56 CCEs for 15 & 30 kHz SCS. Therefore, a UE supporting UL cancellation indication also needs to support an increase in the PDCCH monitoring capability, at least in terms of the number of CCEs per slot.
There are two basic options on how to define such increased monitoring capability for a Rel-16 eMBB UE supporting UL cancellation indication, namely (i) either just increasing the monitoring capability in general (i.e. can be used for any PDCCH monitoring incl. CSS & USS, any DCI format) or (ii) alternatively introduce an additional monitoring capability only applicable to UL CI monitoring and keep the Rel-15 restrictions for Rel-15 monitoring operation. Clearly the first alternative will give more flexibility in gNB operation in terms of how to manage the UE monitoring capabilities whereas the second option may simplify the related specification and UE implementation, as the Rel-15 monitoring restrictions will still apply to any other operation than UL cancellation indication. 
Proposal 2-10: Support an increased PDCCH monitoring capability for UL cancellation indication.

· Support an additional {7,7,4,4} BDs overall per slot for UL cancellation indication monitoring applicable to (={0,1,2,3}

· Support an additional {56,56,32,32} non-overlapping CCEs overall per slot for UL cancellation indication monitoring applicable to (={0,1,2,3} 

· FFS if these enhancements are to be defined per slot or per monitoring span

· FFS if the increased monitoring capability is restricted to UL cancellation monitoring 
3
 Uplink power control enhancements
At RAN1#98bis, the final details of TPC enhancements for DG-PUSCH have been agreed: 

Agreements:

· For DG-PUSCH, one bit (separately from SRI) in UL grant is used to indicate the open loop power control parameter set 

· Introduce one new RRC parameter that contains one additional P0-PUSCH-Set per SRI

· The one bit indication is present in the UL grant when the above new RRC parameter is configured 

· If present, the one bit in the DCI is used to switch between the P0 value from the existing P0-PUSCH-AlphaSet and the P0 value from the newly configured P0-PUSCH-Set

and the TPC enhancements for CG-PUSCH are not to be specified based on the following conclusion: 

Conclusion:

· No enhancement for CG-PUSCH power control in Rel-16 for inter-UE multiplexing

During the review of the TS 38.213 update by the editors, two different issues for the DG-PUSCH have been identified. First, if P0-PUSCH-Set is including the values for both p=0 & p=1, or if p=0 should be defined by P0-PUSCH-AlphaSet. We would be fine for having two values in P0-PUSCH-Set, which could then allow to use a different P0 setting overall for eMBB (associated with DCI format 0_0 & 0_1) and having two values for URLLC (with / without boost) for the new DCI format 0_2. This will enable to not just inter-UE TPC enhancements but can be then also used for intra-UE TPC enhancement for mixed traffic UEs (requiring differing P0 for eMBB transmission, URLLC transmission without intra-cell interference / collision and URLLC transmissions with intra-cell interference / collision). 
Proposal 3-1: Allow to configure separate P0 values for each of p=0 and p=1 in P0-PUSCH-Set to enable different P0 operation for eMBB and URLLC PUSCH transmissions for mixed traffic UEs.
The second issue raised has been raised is, if the dynamic indication in the UL grant is only applicable to the new DCI format 0_2, or equally applicable also for DCI format 0_1. Clearly, if both formats are to be monitored having the indication present in both DCIs does not seem to make too much sense. Moreover, as discussed above, using the P0-alpha-set for DCI format 0_1 and eMBB and using the P0-sets with p=0 & p=1 with DCI format 0_2 at the same time, will allow better PUSCH TPC operation for mixed traffic eMBB & URLLC UEs. Therefore, the following is suggested: 

Proposal 3-2: In case the UE is configured for monitoring for DCI format 0_2, the Open-loop power control parameter set indication field is only present in DCI format 0_2 (but not in DCI format 0_1). Otherwise, the Open-loop power control parameter set indication field is present in DCI format 0_1. 

No other pending issues have been identified!

4
Conclusion

In this contribution, we discussed UL cancelation schemes and UL TPC enhancements for inter-UE UL multiplexing of eMBB and URLLC traffic. 

Based on the discussions, the following can be noted related to UL cancelation enhancements in Rel-16:

Proposal 2-1: Only ‘low priority’ PUSCH (of the 2-level PHY PUSCH priority) is subject to UL cancelation through UL CI. 

Proposal 2-2: Related to size of the UL CI indication, the following is supported:

· maxCI-DCI-PayloadSize =126
· The supported value range of CI-PayloadSize is the same value range as for dci-PayloadSize-forCI (i.e. 0… maxCI-DCI-PayloadSize)

Proposal 2-3: Adopt the interpretation of the 38.213 editor on the usage of the UL CI bits, i.e. adopt the ‘NSI+NBI‘ interpretation (and not NSI*NBI). 

Proposal 2-4: The following details on the time-domain definition of UL CI are supported:

· The starting point X of the reference time region is RRC configurable (X≤16 symbols, e.g. using a new RRC parameter starttimeforCI)

· The value range for timedurationforCI is 1…28 symbols.

· The value range for timeGranularityforCI is 1...14 symbols

· For TDD, semi-static DL symbols are excluded in the definition of the reference time-region. 
Proposal 2-5: The reference frequency region frequencyRegionforCI is configured with 16bits (0…. 65 535) and uses the RIV formula of the Rel-15 Type 1 resource allocation.  

Proposal 2-6: Do not specify any (further restrictions), such as limited number of ALs, PDCCH candidates, min. / max. monitoring periodicities, for UL CI monitoring.  

Proposal 2-7: UEs configured for UL CI monitoring are only mandated to monitor for uplink cancellation indication during certain time periods (to enable power saving) defined as:

· For DG PUSCH and triggered/aperiodic SRS transmission, the UE shall start monitoring after having received (decoded) the DCI scheduling PUSCH or triggering SRS transmission and continue monitoring at least till Tproc,2 symbols before the end of the DG PUSCH / aperiodic SRS transmission. 

· For semi-static PUSCH/SRS, CG PUSCH and periodic SRS, the UE shall start monitoring at latest in the latest UL cancellation indication monitoring occasion ending no later than Tproc,2 symbols before the start of the respective PUSCH or SRS transmission and continue monitoring at least till Tproc,2 symbols before the end of the respective PUSCH / SRS transmission.

· FFS if the UE could be required to start slightly earlier, e.g. 2 or 3 UL cancellation indication monitoring occasions ending no later than Tproc,2 symbols before the respective UL transmission start. 

· If RAN1 agrees to support the starting time of the reference time region for UL CI to be configurable (e.g. using parameter starttimeforCI), Tproc,2 is to be replaced by starttimeforCI.  
Proposal 2-8: Consider defining some maximum delay between the UL grant / SRS trigger and the start for UL cancellation indication monitoring.

Proposal 2-9: A UE configured for UL CI monitoring may expect a re-transmission grant of a pre-empted PUSCH transmission already before the end of the initial PUSCH allocation, which may be scheduled a PUSCH re-transmission immediately following the last transmitted symbols of the cancelled PUSCH. 
Proposal 2-10: Support an increased PDCCH monitoring capability for UL cancellation indication.

· Support an additional {7,7,4,4} BDs overall per slot for UL cancellation indication monitoring applicable to (={0,1,2,3}

· Support an additional {56,56,32,32} non-overlapping CCEs overall per slot for UL cancellation indication monitoring applicable to (={0,1,2,3} 

· FFS if these enhancements are to be defined per slot or per monitoring span

· FFS if the increased monitoring capability is restricted to UL cancellation monitoring 

Based on the discussions on TPC enhancements for inter-UE multiplexing, the following can be noted: 

Proposal 3-1: Allow to configure separate P0 values for each of p=0 and p=1 in P0-PUSCH-Set to enable different P0 operation for eMBB and URLLC PUSCH transmissions for mixed traffic UEs.
Proposal 3-2: In case the UE is configured for monitoring for DCI format 0_2, the Open-loop power control parameter set indication field is only present in DCI format 0_2 (but not in DCI format 0_1). Otherwise, the Open-loop power control parameter set indication field is present in DCI format 0_1. 
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