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Introduction
The following agreements, working assumptions, and conclusions were reached in RAN1#96bis and RAN1#97 on the UL cancellation indication for dynamic grant based PUSCH (DG-PUSCH) transmissions and for configured grant based PUSCH (CG-PUSCH) transmissions. This contribution considers the FFS and other aspects related to avoiding interference between UL MBB transmissions and UL URLLC transmissions.

Agreements:
· Support at least group common DCI for cancelation indication
· FFS whether or not to additionally support UE-specific DCI for cancelation indication

Agreements:
· Upon detecting an UL cancelation indication, at least stop without resuming is supported
· FFS whether and how to support stop with resume 

Agreements:
· 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

Agreements:
· 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

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


DG-PUSCH
It has been agreed to use a GC-DCI format to indicate cancellation of transmissions. It is FFS whether a sequence or a UE-specific DCI format should also be used. Without considering that such support will be largely a duplicated functionality to a GC-DCI format, the following apply.

The tradeoffs between a GC-DCI format and a sequence are:
a) DL overhead: Using a sequence may offer smaller DL overhead for cancellation indication at least because an RNTI/CRC is not needed. However, this smaller DL overhead can be offset or even eliminated because:
a. A same GC-DCI format can enable fewer transmissions to be cancelled (by indicating specific time-frequency resources for cancellation) and this in turn can require smaller subsequent PDCCH overhead for rescheduling those transmissions. For example, if cancellation for even one PUSCH transmission can be avoided, the total DL overhead can become roughly equivalent between the two approaches. 
b. A same GC-DCI format can provide cancellation indication for multiple cells (at least if similar principles as for DCI format 2_0/2_1/2_3 are followed).
b) UL overhead: A GC-DCI format offers lower UL overhead as it can target specific area(s) in the UL time-frequency domain and may avoid cancelling all transmissions such as for PUSCH or SRS and potentially for PUCCH or PRACH. This also enables minimizing the impact of cancellations on the overall system operation.
c) Specification and UE/gNB implementation: UE complexity is an issue for either approach but an enhanced PDCCH monitoring capability for MBB UEs is roughly offset by a similar requirement to detect a sequence particularly if the PDCCH has very few (e.g. 1) candidates. Specification and gNB/UE implementation will need to increase for use of a sequence as non-backward compatible signaling will need to be supported.

Therefore, for the tradeoffs of using a sequence over a GC-DCI format, it is unclear if there is any benefit in DL overhead, a disadvantage exists in UL overhead, the impact on system operation from cancelled transmissions is larger, and the impact on the specifications and gNB/UE implementation complexity is larger. Overall, cancelled transmissions are not expected to occur frequently (otherwise, a network would be better off allocating dedicated spectrum to URLLC) and therefore overhead considerations (despite being typically favorable for a GC-DCI format) are secondary to specification and gNB/UE implementation complexity requirements. 

Proposal 1: Sequence-based indication for cancellation of transmissions is not supported.


The tradeoffs between a GC-DCI format and a UE-specific DCI format are:
a) DL overhead: A UE-specific DCI format is advantageous only when a single PUSCH transmission is cancelled (as ~2x of CCEs are needed to achieve the BLER for cancelling and rescheduling than the BLER of regular scheduling). A GC-DCI format is preferable if multiple PUSCH transmissions are cancelled (on a same cell or on different cells). 
b) Functionality: A UE-specific DCI format can cancel (and reschedule) only PUSCH transmissions. However, at least SRS transmissions should also be possible to cancel. Also, a UE-specific DCI format cannot be used for protecting CG-PUSCH transmissions.
c) UE complexity: Use of a UE-specific DCI format implies use of a USS. A maximum number of PUSCH transmissions that can be possibly canceled needs to be defined in order to define the number of PDCCH candidates and, more importantly, the number of non-overlapping CCEs that a MBB UE needs to monitor per span. Regardless of the actual UE geometry, the MBB UE hardware will need to be designed for the worst case that corresponds to PDCCH candidates with a large number of CCEs, such as 8 CCEs or 16 CCEs. Such complexity increase will affect all UEs, including ones that do not support URLLC.   

Proposal 2: UE-specific DCI format for cancellation and rescheduling of PUSCH transmissions is not supported.


Cancellation should include all ongoing transmissions. A primary target should be all periodic/SPS/aperiodic SRS transmissions that can be over multiple symbols and are wideband in nature. Another target can be PUSCH transmissions. UL BW occupancy for PUSCH transmissions is practically never 100% and, for sporadic URLLC traffic, a gNB can be typically expected to find bandwidth without interference from ongoing PUSCH transmissions to schedule a PUSCH for URLLC. However, the required reliability requirements of DG-PUSCH for URLLC, the potential existence of CG-PUSCH resources that a network may prefer to avoid for other transmissions when possible, and the existence of PUCCH or PRACH resources that are unavailable for PUSCH transmissions in a given slot, justify providing a capability to also cancel PUSCH transmissions. For PUCCH or PRACH transmissions several RBs can be used but, with an ability to cancel transmissions in all other parts of an UL BWP, it can be generally assumed that there is no need to cancel PUCCH or PRACH transmissions. Nevertheless, the safest approach would be to enable or disable this by network configuration. 

Proposal 3: A gNB configures which transmissions are cancelled by a GC-DCI format with cancellation indication. 


The time-domain indication for cancellations of UL transmissions can be relative to a symbol that is after the last symbol of the PDCCH providing the DCI format with the UL cancellation information by a number of symbols determined by the PUSCH preparation time N2 for UE processing capability 2. To enable a gNB to transmit the PDCCH at any symbol and allow UL cancellations for unpaired spectrum operation, both the first and last applicable symbols for the cancellation of transmissions should be indicated by the DCI format (i.e. the first symbol where cancelation of transmissions is applicable should not be fixed). Alternatively, both the first symbol and the number of symbols should be indicated by the DCI format. Regardless of where in the slot the GC-DCI format is transmitted, this can enable a fixed size for the GC-DCI format. The granularity of the indication can be 1 symbol or N symbols where N is configured by RRC. For example, at least for the larger SCS, cancellation granularity of 1 symbol is wasteful for signaling. If a GC-DCI format can indicate disjoint regions in the time-frequency domains, a 2-D bit-map can be used. A down-selection can be determined jointly with the range/granularity for the time-frequency domain indication for the GC-DCI format while also considering a probability/need for indicating multiple disjoint time-frequency domain regions by one GC-DCI format. 

The frequency-domain indication for cancellations of UL transmissions should address the whole UL BWP. Although it may be possible to exclude some predetermined regions of the UL BWP, such as ones used for PUCCH or PRACH transmissions, such optimizations to the DCI format size are unlikely to offer material benefits (e.g. may save a few bits). The granularity of the frequency domain indication can be in a number of RBs that is configurable by RRC. This enables the network to trade-off the granularity of time-frequency resources for cancellation with the size of the GC-DCI format. 

Proposal 4: The cancellation information is applicable relative to a symbol that is after the last symbol of the PDCCH providing the DCI format with the cancellation information by a number of symbols equal to the PUSCH processing time for UE processing capability 2.

Proposal 5: The cancellation information includes either the first symbol and the number of symbols or a bit-map of symbols for cancellation of transmissions. 

Proposal 6: The time-domain and frequency-domain granularity for the cancellation information is configurable. 


Another challenging aspect for the support of URLLC services is that practically all associated bands are TDD bands. To enable URLLC operation under mixed slot configurations, a DG-PUSCH transmission can be over all symbols indicated by the TDRA field in the DCI format, regardless of whether they are DL, UL, or flexible ones. The gNB can apply DL preemption as in Rel-15 for any reason (and can indicate it by DCI format 2_1). 

Proposal 7: A DG-PUSCH transmission can include symbols indicated as DL symbols by TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigurationDedicated. 


Another FFS aspect is whether a UE can resume an UL transmission after symbols indicated for cancellation of transmission. Considering both UE and gNB complexity and potential specification impact, it is preferred to keep the same behavior as for the SFI in Rel-15 where when some symbols of an UL transmission are indicated as DL symbols or flexible symbols, the entire transmission is cancelled in all remaining symbols unless it is an SRS transmission.

Proposal 8: When a UE is indicated to cancel transmission in at least one symbol, the UE transmits in subsequent symbols not indicated for cancellation of transmission only when the transmission is an SRS transmission. 


For the CORESET used for the PDCCH transmission with the GC-DCI format, a PDSCH transmission to MBB UEs that overlaps with the CORESET is typically scheduled prior to the PDCCH transmission with the GC-DCI format. The gNB does not know at the time of a PDSCH transmission that overlaps with the CORESET whether or not the corresponding CORESET will be used to transmit the PDCCH. At least the following alternatives exist:
a) The CORESET is included in the higher layer parameters for PDSCH rate matching (e.g. in rateMatchPatternGroup1). At least for the lower SCS and considering the relatively large CCE aggregation level and the frequent occurrence of the CORESET within a slot, this will result to a loss of a material percentage of resources per slot while the CORESET will not be often used for PDCCH transmission.
b) The UE does not rate match a PDSCH reception that overlaps with the CORESET. The gNB transmits DCI format 2_1 at a later slot to indicate preempted resources (when any). This requires that a UE supports the feature for DL preemption indication, and requires PDCCH transmission for DCI format 2_1 and retransmissions for the affected PDSCHs as the previous transmissions was probably incorrectly received due to buffer corruption.
c) A UE receiving PDSCH monitors PDCCH candidate(s) for the GC-DCI (at least when the PDSCH resources overlap with the corresponding CORESET). As the UE is receiving PDSCH, the additional power consumption is minimal and the reliability of the GC-DCI is expected to be at least as good as for DCI format 2_1. This also avoids resource waste when the CORESET is always rate matched or when PDCCH/PDSCH need to be retransmitted and does not require bundled support for optional features.

Proposal 9: A UE receiving PDSCH in a slot can be configured to monitor PDCCH candidates in the slot for the GC-DCI format. 


As support for a GC-DCI format providing cancellation information for UL transmissions should be an optional feature and as it is not supported by Rel-15 UEs, adjusting a DG-PUSCH transmission power is the only other potentially feasible mechanism that may overcome inter-UE interference. This is also limited as some UEs may not be able to apply a required power boosting. Also, at least for some gNB receivers, interference on DMRS can lead to error floors (which can also be experienced in general, e.g. in case of power control errors such as when the interference power is larger than estimated due to fading, missed TPC commands, etc.). 

Re-using the Rel-15 framework by making some incremental enhancements is the simplest choice for the specifications and for the gNB/UE implementations in order to avoid duplicated functionalities. The UE can be configured multiple sets of open loop power control parameter values and a field in the DCI format scheduling the PUSCH transmission can indicate one set of values. This field does not need to be associated with SRS transmissions (i.e. it provides the functionality of SRI for the purposes of PUSCH power control but association with SRS transmission is unnecessary). This corresponds to “Option 1” in the corresponding ‘Conclusions’ from RAN1#97.

Re-using the Rel-15 framework also avoids problems that can occur when a TPC command is intended both for tracking fading variations and for adjusting power according to MBB interference. Assuming that a UE does not know whether a TPC command is only for tracking fading, or only for adjusting to MBB interference, or for both, and the UE is not indicated a different behavior for the accumulation of TPC commands, it is then clear that a larger range for the TPC command values is needed. Also, by relying on TPC commands to combat MBB interference for URLLC PUSCH, a same closed-loop power control mechanism cannot apply for the PUSCH and the SRS (or, power control for SRS can be incorrect and SRS can be transmitted with much higher power than necessary). This is then problematic for using the SRS for PUSCH link adaptation unless a separate TPC command field is used for boosting the PUSCH transmission power in case of MBB interference.

Proposal 10: A UE is configured with multiple sets of open loop power control parameter values and a field in the DCI format scheduling the PUSCH transmission indicates one set of values. 


CG-PUSCH
It has been proposed to use a GC-DCI format to indicate a level of power boosting, either by 
a) a set of open-loop parameters or 
b) a TPC command, or
c) indication of interfered resources for the UE to determine whether or not to apply a preconfigured increase in the CG-PUSCH transmission power (depending on whether or not the CG-PUSCH transmission is interfered)

Problems of the above approaches include:
a) they do not avoid inter-UE interference, including on the DMRS
b) the power adjustment is unclear as the gNB generally has no information of which UE is transmitting and therefore has no information on the level of interference or for the MCS/TBS or target BLER/latency of the GC-PUSCH
c) [bookmark: _GoBack]for the first two approaches, the indicated power may not be applicable throughout the slot (e.g. there may be SRS interference in some symbols but no other interference) - sub-slot/symbol level indication granularity of power adjustments is not practically feasible 
d) increasing a transmission power is not always possible

Rel-16 URLLC will support a GC-DCI format that indicates time-frequency resources where UL transmissions need to be cancelled. This is applicable to both DG-PUSCH and CG-PUSCH. The UE can cancel a CG-PUSCH transmission in resources indicated for cancellation (and rate match the CG-PUSCH transmission in the remaining resources). This is typical UE behavior in both LTE and NR with power control adjusting for rate matching and gNB/UE implementations supporting rate matching. This avoids inter-UE interference, guarantees reliability for both URLLC and MBB transmissions, and does not require any changes on typical Rel-15 gNB receiver implementations. It is noted that unlike DG-PUSCH transmissions where transmission power adjustments had to be supported to overcome interference, as Rel-15 UEs cannot support a GC-DCI format indicating cancellation of transmissions, this is not the case for CG-PUSCH transmissions. Further, a CG-DCI format indicating cancellation of transmissions in interfered CG-PUSCH resources is simpler to support than a corresponding one for GB-PUSCH transmissions as it may only be transmitted once per slot.

Proposal 11: A GC-DCI format indicates resources for cancellation of CG-PUSCH transmissions. A UE rate matches its CG-PUSCH transmission in the remaining resources. 


One issue with the above approach is that rate matching may result to an unacceptably high code rate for the TB in the CG-PUSCH. It can be up to the gNB scheduler to avoid such operation. If it is too restrictive for a gNB to avoid using a significant percentage of CG-PUSCH resources for other transmissions, as this can result to UL resource waste, the gNB can configure a UE multiple CG-PUSCH resources and the UE can select the one where a CG-PUSCH transmission is cancelled in the fewest resources. The UE can also increase a CG-PUSCH transmission power when there is remaining interference in CG-PUSCH resources. The UE can be configured a power offset for one or more ratios of interfered resources. This enables applying a suitable power boosting that can account for UE-specific CG-PUSCH transmission characteristics (e.g. MCS or target BLER) and the level of interference.

Proposal 12: If a UE has multiple CG-PUSCH resources and is indicated by a GC-DCI format to cancel transmission in a set of resources, the UE selects the CG-PUSCH resources with the fewest cancelled resources.  

Proposal 13: If a UE transmits a CG-PUSCH in interfered resources, the UE increases CG-PUSCH transmission power by a configured value corresponding to a ratio of interfered resources over total resources.


Conclusions
This contribution considered aspects related to cancelation of UL transmissions and proposes the following.

Proposal 1: Sequence-based indication for cancellation of transmissions is not supported.

Proposal 2: UE-specific DCI format for cancellation and rescheduling of PUSCH transmissions is not supported.

Proposal 3: A gNB configures which transmissions are cancelled by a GC-DCI format with cancellation indication. 

Proposal 4: The cancellation information is applicable relative to a symbol that is after the last symbol of the PDCCH providing the DCI format with the cancellation information by a number of symbols equal to the PUSCH processing time for UE processing capability 2.

Proposal 5: The cancellation information includes either the first symbol and the number of symbols or a bit-map of symbols for cancellation of transmissions. 

Proposal 6: The time-domain and frequency-domain granularity for the cancellation information is configurable. 

Proposal 7: A DG-PUSCH transmission can include symbols indicated as DL symbols by TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigurationDedicated. 

Proposal 8: When a UE is indicated to cancel transmission in at least one symbol, the UE transmits in subsequent symbols not indicated for cancellation of transmission only when the transmission is an SRS transmission. 

Proposal 9: A UE receiving PDSCH in a slot can be configured to monitor PDCCH candidates in the slot for the GC-DCI format. 

Proposal 10: A UE is configured with multiple sets of open loop power control parameter values and a field in the DCI format scheduling the PUSCH transmission indicates one set of values. 

Proposal 11: A GC-DCI format indicates resources for cancellation of CG-PUSCH transmissions. A UE rate matches its CG-PUSCH transmission in the remaining resources. 

Proposal 12: If a UE has multiple CG-PUSCH resources and is indicated by a GC-DCI format to cancel transmission in a set of resources, the UE selects the CG-PUSCH resources with the fewest cancelled resources.  

Proposal 13: If a UE transmits a CG-PUSCH in interfered resources, the UE increases CG-PUSCH transmission power by a configured value corresponding to a ratio of interfered resources over total resources.
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