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1	Introduction
Inter-UE prioritization and multiplexing for UL transmission was identified as an area that may need to be addressed to achieve the objectives for URLLC use cases. This topic was discussed during Rel-15 as well. Currently for Rel-16 two solutions have been agreed: the pre-emption based solutions and power control based solutions. The list of agreements had been made at previous meetings are listed in the Appendix [1][2]. However, further discussions are needed to determine the solutions with corresponding design details.
In this contribution we provide more analysis and focus on clarifying further details of the two schemes, i.e. UL preemption indication and UL power control.
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In TR38.824 [3] it was concluded that both UL cancelation scheme and enhanced UL power control scheme should be designed and specified during eURLLC working item. Here we discuss related details and current issues in corresponding subsections.

[bookmark: _Toc528770448][bookmark: _Toc528770467][bookmark: _Ref5105787]2.1	UL cancellation scheme
2.1.1	DCI for cancellation indication

According to agreements from RAN1#97 [2] a group common DCI for cancelation indication is supported. However, it was left undecided whether the UE-specific DCI is needed or not. For better understanding we would like to discuss its pros and cons. 

We see the following reasons for motivation of the UE-specific DCI, with their advantages and disadvantages in terms of efficiency and flexibility.
1. Instead of sending only UL cancellation command to victim UE(s), gNb can simply reschedule victim UE(s) by DCI which can save PDCCH resources. 
· Since the victim UE is usually broadband, a DCI reliability for scheduling command normally is not very high (e.g. target 1% error). If rescheduling DCI is used as cancellation indicator, it must be as robust as DCI for URLLC UE, thus, it is likely that higher aggregation level will be used which will minimize PDCCH saving gain.
· Another argument is also based on property of broadband traffic which is not latency critical, hence, the rescheduling is not urgent and can be done several slots later. Moreover, such a way of “urgent” rescheduling will force gNb to make slot-based scheduling in the middle of slot when not all needed information might be in hands.
2. URLLC UE UL allocation in frequency is supposed to be narrow and it is very likely that only one broadband allocation will suffer. This means there is no need to broadcast cancellation message and no need to monitor for group common PDCCH.
· Due to short duration of URLLC time allocation (several OFDM symbols) and high reliability requirements, URLLC frequency allocation size in macro scenarios often is more than 10 RBs with short packets (200 Bytes). At the same time broadband users can be power-limited, and many users can be multiplexed in frequency in given slot, so there is a good chance that there will be cases when several broadband users are pre-empted simultaneously. In such cases the UE-specific DCI approach might bring more overheads and doesn’t seem like a future proof solution.
Another disadvantage of UE specific cancellation mechanism is that it obviously cannot stop other UL signals which might overlap with high priority allocation, such as PUCCH, UL CG for eMBB or even multiple UL CGs, SRS.
Furthermore, from a specification point of view it is obvious that standardization of several tools for UL pre-emption indication will require more effort and make the specification even more complicated. 
Based on discussion above, we propose:
[bookmark: _Toc5140692][bookmark: _Toc16613815][bookmark: _Toc16613945][bookmark: _Toc21343899][bookmark: _Toc21351256][bookmark: _Toc21390154]Do not support UE specific DCI for cancellation indication in Rel-16.
2.1.2	Monitoring of UL pre-emption indication

It was agreed already that existing methods for search space configuration to support UL CI monitoring will be reused. In addition, one can limit upper bound of supported search space periodicity, e.g. similar to format 2_1 only 1, 2 and 4 slots periodicities are applicable.
[bookmark: _Hlk528933264][bookmark: _Toc5140693][bookmark: _Toc16613816][bookmark: _Toc16613946][bookmark: _Toc21343900][bookmark: _Toc21351257][bookmark: _Toc21390155]Support search space monitoring periodicities of 1, 2 and 4 slots.
Apart from periodicity, we think that there is no need to introduce further restrictions to aggregation levels and/or number of candidates, because it is optimization issue for certain scenario and gNB can configure optimal values itself. Specifically, monitoring of some aggregation levels can be disabled already by Rel-15 RRC if number of candidates for the aggregation level is configured to zero. Moreover, there is no additional restrictions for format 2_1, thus, we think that this practice can be inherited.
[bookmark: _Toc21343901][bookmark: _Toc21351258][bookmark: _Toc21390156]No additional restrictions on aggregation levels and/or number of candidates are introduced for cancellation indication monitoring.

In addition, some more simplifications of CI monitoring can be introduced to decrease monitoring effort from UE, such as conditions for eMBB UE UL CI monitoring (see agreements from RAN1#98). We think that current formulations of options give an understanding only about start of monitoring but doesn’t define a time when UE should stop monitoring. This is illustrated in Figure 1. 
Another issue is related to the situation when UL CI and eMBB DCI are transmitted via different CORESETs, e.g. 3 os long and 1 os long, which end simultaneously (see Figure 2). It can be considered as non-optimal configuration, but in this case, UE will always need to monitor UL CI. However, neither option 1 nor option 2 doesn’t cover this case.
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	[bookmark: _Ref21083829][bookmark: _Ref21083822]Figure 1: Example of CI monitoring when UL CI comes after scheduling DCI
	[bookmark: _Ref21084349]Figure 2: Example of CI monitoring when UL CI comes together with scheduling DCI



Moreover, since the design of cancellation indication is unclear for now, it is impossible to say how far in advance UE can be notified about cancellation. Thus, we propose to replace description of monitoring time for DG and CG by one with broader formulation:
· Monitor all monitoring occasions which can potentially cancel dynamically or semi-statically scheduled UL transmission considering CI processing, TDD pattern and CI content.

[bookmark: _Toc21343902][bookmark: _Toc21351259][bookmark: _Toc21390157]Adopt the following condition for eMBB UE UL CI monitoring: “monitor all monitoring occasions which can potentially cancel dynamically or semi-statically scheduled UL transmission considering CI processing, TDD pattern and CI content.”

2.1.3	Processing of cancellation indicator

At the previous meeting it was agreed that cancellation indication processing time based on N2 (Rel-15) is supported. There are also two questions: whether processing times shorter than N2 or longer than N2 are needed.
In our view, it doesn’t make sense to specify longer processing times because it will pose a question about usability of the cancelation indicator. One can argue that in some specific scenarios (e.g. TDD) there is a limited need in aggressive processing times, however, guided by a rule of thumb we think that N2 can be a good starting point.
Regarding processing time even shorter than N2, first it must be mentioned that there is no need in significant improvement, because dynamically scheduled URLLC transmission is delayed by PUSCH preparation time (N2) anyway. Therefore, if DCI for URLLC and CI for eMBB are sent simultaneously, URLLC start and eMBB end will happen simultaneously. However, there can be additional motivation for shorter processing:
· Different CORESETs for URLLC UE and eMBB UE can lead to late CI sending. Consequently, scheduler will be limited by CI processing time.
· Even if URLLC DCI and eMBB CI are transmitted together, actual time when control information is processed can be different due to difference in propagation delay (timing advance). Again, this effect will force scheduler to apply additional delay to URLLC allocation.
Summarizing, it would be beneficial to support CI processing time to be couple of OFDM symbols shorter than N2 for Capability 2. We think that 1-2 OFDM symbols for all SCSs will be enough, but in principle such correction of N2 can be numerology dependent.
Based on the discussion above, we propose:
[bookmark: _Toc21343903][bookmark: _Toc21351260][bookmark: _Toc21390158]Do not introduce CI processing time longer than N2.
[bookmark: _Toc21343904][bookmark: _Toc21351261][bookmark: _Toc21390159]Consider defining CI processing time 1-2 OFDM symbols shorter than N2.
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[bookmark: _Ref16865334]Figure 3: Processing timeline for cancellation indication (CI) for same slot cancellation indication and the next slot cancellation indication

Moreover, it is important to agree on components of processing time in order to explain it better and avoid ambiguity. As it is shown in the Figure 3, we think that it should we defined as time for DCI processing/decoding and time of suspend. To be precise, it is a time between the end of CORESET and when UE stops the transmission (transmission power considerably drops).
[bookmark: _Toc21343905][bookmark: _Toc21351262][bookmark: _Toc21390160]Define CI processing time as a time between the end of CORESET where CI is transmitted and when UE stops the transmission (transmission power considerably drops).

2.1.4	Group common signaling design

As agreed at the last meeting, at least group common DCI for cancelation indication will be supported in Rel-16 and further design aspects need to be discussed. In principle there can be two ways forward: either introduce new DCI format of new length or reuse one of the existing lengths. In our view it seems beneficial to be aligned with one of the existing DCI because in case of a UE with both URLLC and eMBB service a UE may monitor both. From plurality of formats we think that DCI format 2_1 is the best candidate, because its size varies along with component carriers number configured for UE (14 bits per carrier). Nevertheless, the size alignment with existed format should be considered during discussion of UL cancellation DCI content.
[bookmark: _Toc16613817][bookmark: _Toc16613947][bookmark: _Toc21343906][bookmark: _Toc21351263][bookmark: _Toc21390161]Size of UL cancellation indication DCI should be aligned with one of the existing DCI formats.
For addressing cases when one aggressor UE collides with several victim UEs, while there are other UEs which are not affected, it seems beneficial to have indication of pre-empted resource blocks. In this scenario some UEs may continue transmission if it doesn’t overlap with pre-empted resources. The indication of frequency domain can be in form of bitmap, a copy of FDRA field of aggressor’s DCI or can have other logic. As a first step in discussion, RAN1 can decide whether it is being introduced or not.
[bookmark: _Toc21388762]A granular frequency domain indication is useful for resource efficiency.
Regarding the time domain indication, it is unlikely that scheduler will need to do pre-emption too far into future. For FDD it is more reasonable to indicate current or next slot, while for TDD an indication of few slots in advance may be needed. See example above in Figure 3. There can be several approaches how UE can derive time domain information about cancellation:
· Implicit rule: once cancellation indicator detected, it refers to configured time offset e.g. in slots (current slot, next slot etc.)
· Explicit signaling: cancellation indicator carries time offset value e.g. in slots, symbols or index of TDRA-like table. 

Regarding the granularity of the indication in time and frequency, it is noted that the URLLC data is not likely to cover more than a few symbols. Having a structure of DL pre-emption indication in mind, one can allow more granular frequency domain indication while shortening the time domain indication due to need for a shorter time domain indication. Indication of the pre-emption can be based on a bitmap corresponding to a time-frequency grid.
Based on the above discussion, we propose the following:
[bookmark: _Toc5140694][bookmark: _Toc16613820][bookmark: _Toc16613950][bookmark: _Toc21343907][bookmark: _Toc21351264][bookmark: _Toc21390162]In Rel-16, consider UL pre-emption indication design based on bit map that corresponds to a time-frequency grid. 

2.1.4	UE behavior upon reception of cancellation indication
In RAN1#98 it was discussed what kind of transmissions can be canceled by CI. The agreement has been made that CI cancels PUSCH, but there was no consensus about other signals.

· PUCCH
Upon receiving the cancellation indication, a UE may cancel PUCCH similar to PUSCH. However, there are some inherent differences between PUCCH and PUSCH that may reason to treat them differently. First of all, the UCI contents of PUCCH are not equally important and some may be more critical for efficient operation of the DL/UL transmission. As one example HARQ ACK of a DL transmission is more critical than the CSI, and therefore it might be ok to cancel CSI without affecting the eMBB service, while cancelling HARQ-ACK makes a DL transmission a loss.
Secondly a PUCCH is likely covers a small part of the resources and therefore even puncturing or rate-matching around it, it might still be possible to send the URLLC PUSCH.
Thirdly, PUCCH can be allocated on the edge of the bandwidth, thus, in such configuration gNB can completely avoid overlapping between URLLC PUSCH and PUCCH.
In forth, PUCCH can belong to URLLC, which makes it even more critical.

[bookmark: _Toc21343908][bookmark: _Toc21351266][bookmark: _Toc21390163]UE doesn’t cancel some PUCCHs upon receiving a CI. Conditions are FFS.

Following the same logic, one could question whether a similar approach should be followed for UCI on PUSCH. A possible solution can be that a certain UL control information on PUSCH should be cancelled upon receiving a cancellation indication, while others are not cancelled.
One can give several options of solving this issue:
1. Cancel PUSCH with UCI always;
2. Cancel PUSCH with UCI based on UCI content, otherwise ignore CI;
3. Ignore CI if PUSCH is multiplexed with UCI;
4. Swap piggyback UCI to PUCCH, conditions are FFS.

[bookmark: _Toc21390164]RAN1 to discuss conditions for cancellation of UCI on PUSCH

· PRACH
In connected mode, a UE may use PRACH to resynchronize to the network if it has lost its synchronization or if the scheduling request has failed.  It is crucial to provide a mean for the UE to access the gNB in such case. Therefore, i in our view it is very important to  allow an eMBB UE to send the PRACH and do not cancel that due to another transmission.
[bookmark: _Toc21343909][bookmark: _Toc21351267][bookmark: _Toc21390165]UE does not cancel PRACH upon receiving a CI

· SRS
In our view it is ok to cancel SRS, as it is only a means to improve the performance of DL transmission, by assisting the gNB in UL scheduling.
[bookmark: _Toc21343910][bookmark: _Toc21351268][bookmark: _Toc21390166]UE cancels SRS upon receiving a CI

· PUSCH with repetition
In repetitions the behavior should also be clarify for both Rel-15 slot aggregation and Rel-16 PUSCH repetition. First, we think that cancelation indicator can affect only one repetition instance and UE can continue repeating if next repetitions do not overlap with indicated in CI resources. Otherwise an impact from cancellation will be worse.
[bookmark: _Toc21343911][bookmark: _Toc21351269][bookmark: _Toc21390167]If CI cancels one of repetition, UE continues repeating afterwards.

Second, if transmission is cancelled it is beneficial to reset RV sequence. For example, if initial transmission (RV0) has been cancelled, then next repetition should use RV0. This approach will increase chances for successful decoding further.
[bookmark: _Toc21343912][bookmark: _Toc21351270][bookmark: _Toc21390168][bookmark: _GoBack]If mis-detection of cancellation indicator is not a concern, the cancelled uplink transmission in repetitions causes the UE to send next repetition instance with same redundancy version; Otherwise, redundancy version assignment is not affected by cancelled uplink transmission.

2.2	UL power control
For power control scheme the main leftovers are how to configure open-loop parameter set and how many bits are needed for indication in DCI.
Regarding the configuration, the straight forward way of configuring would be a support of two sets: one set for normal operation and one set for power boost. As an alternative, one parameter can be introduced for correction of values in existed sets.
Because power boosting will be applied only in urgent scheduling situations when there will be the last chance for URLLC data to get through, we don’t see any reasons for having plurality of open-loop power boosting sets. In such case only the most aggressive power settings can be used. Moreover, introduction of more than one bit in DCI will unnecessarily increase overhead.
[bookmark: _Toc21343913][bookmark: _Toc21351271][bookmark: _Toc21390169]One bit in DCI is used to signal open-loop power control set.

RAN1 has also discussed the case of eMBB UE interfering with a URLLC UE that is scheduled by configured grant, and how to use power control to boost the power of URLLC UE over the eMBB UE. In our view, when configured grant is used for URLLC service in a UE, those resources should not be shared with eMBB service of another UE, thus, in most of the cases gNb can avoid such conflicts. Hence, there should not be an eMBB UE in the resources that is scheduled for URLLC configured grant. However, there can be some corner cases when due to different CG periodicities between eMBB and URLLC or due to aggressive scheduling such collisions may happen or gNb forces them to happen.
To deal with URLLC CG-PUSCH currently RAN1 is discussing solutions with usage of group common DCI which will be accompanied with UE-specific DCI solution for power boost. However, introduction of new DCI format will require substantial standardization effort while only two meetings left until the end of working item. Moreover, URLLC CG transmission power boosting can be addressed by existing mechanisms, such as:
1. URLLC CG transmissions can be configured to always use higher power;
2. URLLC CG can be temporarily reconfigured to another open-loop power control set by two activation DCIs (one reconfiguration to switch to higher power loop and one DCI to switch back);
3. URLLC CG can be overridden by URLLC DG with higher power. An allocation can be the same as for CG.
The only thing which can be additionally needed is to support open-loop power control sets by UL configured grant configuration (ConfiguredGrant IE). This can be discussed further if RAN1 will decide to follow this way.
[bookmark: _Toc21388763]Power boost of URLLC configured grant transmission can be supported by existing mechanisms.
[bookmark: _Toc21343914][bookmark: _Toc21351272][bookmark: _Toc21390170]Do NOT support open-loop power control set signaling by group common DCI.
Conclusion
Based on the discussion in the previous sections we make the following observation and proposals:
Observation 1	A granular frequency domain indication is useful for resource efficiency.
Observation 2	Power boost of URLLC configured grant transmission can be supported by existing mechanisms.


Proposal 1	Do not support UE specific DCI for cancellation indication in Rel-16.
Proposal 2	Support search space monitoring periodicities of 1, 2 and 4 slots.
Proposal 3	No additional restrictions on aggregation levels and/or number of candidates are introduced for cancellation indication monitoring.
Proposal 4	Adopt the following condition for eMBB UE UL CI monitoring: “monitor all monitoring occasions which can potentially cancel dynamically or semi-statically scheduled UL transmission considering CI processing, TDD pattern and CI content.”
Proposal 5	Do not introduce CI processing time longer than N2.
Proposal 6	Consider defining CI processing time 1-2 OFDM symbols shorter than N2.
Proposal 7	Define CI processing time as a time between the end of CORESET where CI is transmitted and when UE stops the transmission (transmission power considerably drops).
Proposal 8	Size of UL cancellation indication DCI should be aligned with one of the existing DCI formats.
Proposal 9	In Rel-16, consider UL pre-emption indication design based on bit map that corresponds to a time-frequency grid.
Proposal 10	UE doesn’t cancel some PUCCHs upon receiving a CI. Conditions are FFS.
Proposal 11	RAN1 to discuss conditions for cancellation of UCI on PUSCH
Proposal 12	UE does not cancel PRACH upon receiving a CI
Proposal 13	UE cancels SRS upon receiving a CI
Proposal 14	If CI cancels one of repetition, UE continues repeating afterwards.
Proposal 15	If mis-detection of cancellation indicator is not a concern, the cancelled uplink transmission in repetitions causes the UE to send next repetition instance with same redundancy version; Otherwise, redundancy version assignment is not affected by cancelled uplink transmission.
Proposal 16	One bit in DCI is used to signal open-loop power control set.
Proposal 17	Do NOT support open-loop power control set signaling by group common DCI.
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Appendix. Relevant Aggreements
Agreements on RAN1#96bis:
· Working assumption:
· PDCCH is used for UL cancelation indication 
· The Working assumption can be revisited if the DCI for cancelation indication only carry very small number of information bits, e.g. 1 bit. 
· Upon detecting an UL cancelation indication, at least stop without resuming is supported
· FFS whether and how to support stop with resume 
· Further discuss which UL transmissions that can potentially be cancelled by the UL cancelation indication, including
· Dynamic scheduled UL transmissions, including PUSCH, PUCCH, SRS
· Semi-persistent UL transmissions, including PUSCH, PUCCH, SRS
· Periodic UL transmissions, including configured grant PUSCH, PUCCH, SRS
· PRACH
· Further discuss, aiming for down-selection, the group common DCI and UE-specific DCI for UL cancelation indication 
· For group common DCI (different from Rel-15 SFI)
· UE is configured to monitor a group common DCI which indicates the time/frequency region on which the UL cancellation indication applies
· For UE specific-DCI
· When applicable, UE is configured to monitor a second UL grant for the same TB as an earlier PUSCH indicating UL cancellation before the end of the earlier PUSCH transmission. In this case, the UE follows the UL cancellation indication.   
Conclusion:
· Further discuss the following power control enhancements
· Increased TPC range
· FFS details, e.g. supported value range, number of TPC bits, accumulated and/or absolute TPC, configurability of the TPC tables, applicability to SRS/PUCCH. 
· Indication of open-loop parameter sets based on scheduling DCI without using SRI 
· Indication of open-loop parameter sets based on GC-PDCCH

Agreements on RAN1#97:
· [bookmark: _Hlk16609787]Support at least group common DCI for cancelation indication
· FFS whether or not to additionally support UE-specific DCI for cancelation indication
Conclusion:
To down-select from the following options for enhanced power control
· Option 1: Indication of open-loop parameter sets by DCI 
· For DG-PUSCH, an open-loop parameter set indicated to the UE by scheduling DCI without using SRI is applied to the scheduled transmission
· FFS At least for single active CG-PUSCH, an open-loop parameter set is indicated to the UE by a UE-specific field in group common DCI
· FFS for the case of multiple active CG-PUSCH
· FFS For a UE, the open-loop parameter sets for DG-PUSCH and CG-PUSCH may be same or different
· Option 2: Indication of TPC with increased range by DCI
· For DG-PUSCH, a TPC with increased range is indicated to the UE by the TPC field in scheduling DCI
· FFS At least for single active CG-PUSCH (and potentially also for DG-PUSCH), a TPC with increased range is indicated to the UE by a UE-specific TPC field in group common DCI
·  FFS for the case of multiple active CG-PUSCH
· At least for DG-PUSCH, for a UE, the number of TPC entries (4 or 8) and power adjustment value for each entry is higher layer configured 
· FFS For a UE, the TPC configuration for DG-PUSCH and CG-PUSCH may be same or different 
· Option 3: 
· For DG-PUSCH, use either the solution from option 1 or option 2 for DG-PUSCH as above
· To down-select from option 1 and 2
· FFS At least for single active CG-PUSCH, UE derives the transmissions power based on the time/frequency resource indicated by a group common DCI
· If a CG-PUSCH transmission overlaps with the indicated time/frequency resource, UE use one open-loop parameter set with higher power for the transmission
· If a CG-PUSCH transmission does NOT overlap with the indicated time/frequency resource, UE use another open-loop parameter set with lower power for the transmission
· FFS for the case of multiple active CG-PUSCH
· Note: some companies have concern that this was not captured in the TR as one potential solutions

Agreements on RAN1#98:
· Reuse the existing methods for search space configuration to support UL CI monitoring
· FFS possible restrictions
· Note: this means both symbol level and slot level monitoring periodicities are possible from specification perspective
Agreements:
· The UE DCI size budget is not increased by UL CI monitoring
· Further discuss methods to reduce the UE monitoring for UL CI, e.g. 
· The number of aggregation levels and/or candidates for the UL CI monitoring should be limited
· Conditions for eMBB UE UL CI monitoring:
· For UL transmission with associated PDCCH, 
· Option 1: UE starts UL CI monitoring after the PDCCH is decoded
· Option 2: UE monitors UL CI at least at the latest monitoring occasion ending no later than X symbols before the start of the UL transmission, and X is related to UL CI processing time.
· For UL transmission without associated PDCCH, UE monitors UL CI at least at the latest monitoring occasion that ends no later than X symbols before the start of the UL transmission, and X is related to UL CI processing time. 
· Other conditions?
· Others?
· FFS the enhancement of UE capability (number of non-overlapping CCE and/or blind decodes) for UL CI monitoring
Agreements:
· Upon detecting an UL cancelation indication, for the transmission of UL signal/channels, “stop with resuming” is not supported
· Except:
· SRS can still be transmitted on the non-cancelled symbols (conditioned on if SRS can be pre-empted)
· FFS for the PUSCH repetition (Rel-15 & Rel-16) case
· FFS for the PUCCH repetition case (conditioned on if PUCCH can be pre-empted)
· FFS whether another PUSCH can be scheduled in non-pre-empted resource
· FFS impact (e.g. phase continuity issue) to a different carrier due to UL cancelation
Agreements:
· The following UL channel/signals can be cancelled by UL cancelation indication
· PUSCH (including DG-, CG- and SP-)
· FFS for SRS
· FFS for PUCCH 
· Option 1: PUCCH (all types) can be cancelled
· Option 2: Some PUCCH can be cancelled, e.g. PUCCH carrying CSI
· Option 3: PUCCH cannot be cancelled
· FFS for PRACH (preamble and/or MSG 3 PUSCH) 
Agreements:
· [bookmark: _Hlk20835051]The UE processing time requirement for UL cancelation indication based on N2 defined in Rel-15 UE cap#2 is supported
· FFS whether the processing time requirement for UL cancelation indication larger than N2 as defined in Rel-15 UE cap#2 can also be supported as an UE capability
· FFS whether the processing time requirement for UL cancelation indication shorter than N2 as defined in Rel-15 UE cap#2 as can also be supported an UE capability 
Agreements:
· For a DG-PUSCH, an open-loop parameter set indicated to the UE by scheduling DCI using a separate field than SRI is supported. 
· FFS number of bits for the indication
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