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Introduction
The following agreements, working assumptions, and conclusions were reached in RAN1#96bis on the UL cancellation indication for GB-PUSCH URLLC transmissions and on the UL preemption/indication for CG-PUSCH transmissions. This contribution considers the FFS and other aspects related to avoiding or mitigating interference between UL MBB transmission and UL URLLC transmissions.

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. 

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


Grant-based PUSCH (GB-PUSCH)
The working assumption considers use of a PDCCH to provide a cancellation indicator for ongoing UL transmissions. The other alternative is to use a sequence. The tradeoffs are:
a) The lower DL overhead offered by a sequence transmission (for a given detection reliability) as the amount of conveyed information is only 1 (or a few) bits while the PDCCH provides a DCI format having, in addition to the information payload, a CRC overhead of 24 bits. However, this lower DL overhead will be offset or even eliminated as the DCI format can enable fewer transmissions to be cancelled (by indicating specific time-frequency resources for cancellation) and this in turn will require a smaller subsequent DL overhead for rescheduling those transmissions. For example, if cancellation for even one PUSCH transmission can be avoided by using a PDCCH/DCI format for cancellation indication, the total DL overhead becomes roughly equivalent. In any case, as cancellation of UL transmissions is expected to be an infrequent event, DL overhead is not as important a consideration.
b) The lower UL overhead offered by PDCCH/DCI format as it can target specific area(s) in the UL time-frequency domain and can potentially avoid cancelling all transmissions such as for PUSCH or SRS but also potentially for PUCCH or PRACH. This also enables minimizing the impact of cancellations on the overall system operation.
c) The simpler UE/gNB implementation offered by PDCCH. 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 is a UE-common PDCCH with very few (e.g. 1) candidates.

In general, it is beneficial to avoid cancelling all SRS/PUSCH transmissions that occur after the transmission of a cancellation indication (after an additional number of symbols determined by the PUSCH cancellation time for UE processing capability 2). For example, for an UL BWP of 100 RBs (e.g. 20 MHz for 15 kHz SCS), transmissions in only 10 RBs or 20 RBs may need to be cancelled. For example, for a GB-PUSCH transmission for URLLC near the beginning of a slot, SRS transmissions towards the end of the slot may not need to be cancelled. Therefore, considering the above trade-offs, it is preferable to provide cancellation information by a PDCCH/DCI format. 

Proposal 1: Confirm the WA that cancellation information for UL transmissions is provided by PDCCH.


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 GB-PUSCH for URLLC together with 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 assumed that there is no need to cancel PUCCH or PRACH transmissions to accommodate a few GB-PUSCH transmissions for URLLC in a slot. 

Observation 1: It is sufficient for the applicability of a transmission cancellation indication to be limited to SRS and PUSCH transmissions. 

Proposal 2: Cancellation information is applicable to SRS and PUSCH transmissions. FFS for PUCCH, PRACH and (non-URLLC, e.g. Type-2) CG-PUSCH. 


Another FFS aspect is whether the DCI format is UE-common or UE-specific (in particular, an UL grant). A UE-specific DCI format is not feasible for several reasons:
a) As a corresponding detection reliability needs to be in the order of 10-7 in order to not have a material impact on GB-PUSCH URLLC transmissions with target BLER of 10-6, CCE aggregation levels of 8 CCEs or 16 CCEs are required as even DCI format 0_0 does not have a ‘small’ size. Having such a USS is not possible for typical BWP sizes. For example, even having a relatively small number of 4 PDCCH candidates with 16 CCEs over ~2 symbols for a USS will require a BWP of 192 RBs (and practically wipe out all DL transmissions in the BWP when even 1 PDCCH candidate needs to be used due to the interleaved CCE mapping over 192 RBs). 
b) Having a USS with multiple PDCCH with 8 CCEs or 16 CCEs will also result into unrealistic UE complexity requirements in a total number of non-overlapped CCEs per PDCCH monitoring occasion of ~2 symbols
c) A UE-specific DCI format (UL grant) cannot cancel SRS transmissions.  

It has been argued that using a DCI format (UE-specific UL grant) to cancel and reschedule a PUSCH transmission can reduce PDCCH overhead over using a UE-common DCI format to cancel a PUSCH transmission. This is because another UL DCI format is not needed for rescheduling. However, this is generally incorrect. A PDCCH scheduling a PUSCH transmission (for MBB) has a target BLER of ~10-2 while a target BLER if the DCI format cancels (and reschedules) an ongoing PUSCH transmission needs to be 10-7. For example, assuming DCI format 0_0 for PUSCH scheduling (an optimistic assumption for the DCI format size) and that a UE-common DCI format for cancellation has same size as DCI format 0_0 (another optimistic assumption for using a UE-specific DCI format), at least 3 dB additional SINR is required for achieving 10-7 BLER instead of 10-2 BLER [1]. If the PDCCH with the (UE-common or UE-specific) DCI format for cancellation requires 8 CCEs for 10-7 BLER and the PDCCH with the UE-specific DCI format for typical scheduling requires 4 CCEs for 10-2 BLER then, 
· for cancellation by UE-common DCI format and rescheduling (by UE-specific DCI formats) of 2 PUSCH transmissions, 8 + 4 + 4 = 16 CCEs are needed, and
· for cancellation and rescheduling by UE-specific DCI formats of 2 PUSCH transmissions, 8 + 8 = 16 CCEs are needed by using UE-specific DCI format for cancellation and rescheduling. 
Therefore, even under relatively optimistic assumptions for using a UE-specific DCI format for cancellation and rescheduling, there is no DL control overhead benefit when 2 PUSCH transmissions need to be cancelled/rescheduled. There is actually additional overhead when more than 2 PUSCH transmissions need to be cancelled/rescheduled and this additional overhead can be significant when the number of PUSCH transmissions becomes relatively large. There is obviously an overhead benefit of a few CCEs from using a UE-specific DCI format when only one PUSCH transmission needs to be cancelled. In any case, as cancellation of UL transmissions is expected to be an infrequent event, DL overhead is not as important a consideration as is the required UE complexity to support a ‘worst case’ scenario and the overall capability offered by the cancelation mechanism. 

Proposal 3: The DCI format for cancellation of UL transmissions is UE-common. 


The time-domain indication for UL cancellations 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. 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. Alternatively, if the same DCI format can indicate disjoint regions in both the frequency and time 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 DCI format while also considering a probability/need for indicating multiple disjoint time-frequency domain regions by one DCI format. 

The frequency-domain indication of the UL cancellation should be for the corresponding UL BWP. It is possible to exclude some predetermined regions of the UL BWP, such as ones used for PUCCH or PRACH transmissions especially if corresponding UEs are not required to monitor the PDCCH with the DCI format providing the UL cancellation information. However, such optimizations to the DCI format size are unlikely to offer material benefits (e.g. may save 1-2 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 DCI format size. 

Proposal 4: The cancellation indication 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 GB-PUSCH transmission for URLLC 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. Also, discontinued DL transmissions (e.g. due to GB-PUSCH or PDSCH transmissions for URLLC) can be indicated by DCI format 2_1. 

Proposal 7: A UE follows a DCI format scheduling a PUSCH transmits the PUSCH that includes symbols indicated as DL by TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigurationDedicated. 


Another FFS aspect regarding cancelled UL transmissions is whether they can be resumed. 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 that the UE is not indicated to cancel transmission only when the transmission is an SRS transmission. 


As support for a UE-common DCI format providing cancellation information for UL transmissions should be an optional feature and as it is anyway not supported by Rel-15 UEs, adjusting a GB-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 and 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). 

Re-using the Rel-15 framework also avoids problems that can occur when a TPC command is used both for tracking fading variations and for adjusting 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 command 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 9: 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. 


Configured-grant PUSCH (CG-PUSCH)
It has been proposed to use a UE-common DCI format to indicate a level of power boosting for each CG-PUSCH resource per slot (e.g. to account for whether or not there is interference in that resource). The size of such DCI format needs to scale with the number of CG-PUSCH resources and can potentially become too large to require splitting into multiple DCI formats. Also, as for power boosting of a GB-PUSCH transmission to overcome MBB interference as an alternative to cancellation of MBB transmissions, power boosting for CG-PUSCH should be UE-specific, not resource specific, in order to capture requirements of an actual CG-PUSCH transmission that depend on the MCS/TBS and other UE-specific parameters [2]. Further, an indication for power boosting per CG-PUSCH resource can be inaccurate as MBB interference for the CG-PUSCH resource can differ depending on the slot symbol (e.g. no MBB interference in symbols without SRS, MBB interference in symbols with SRS). 

Observation 2: Transmission power adjustments should be UE-specific, not resource specific.

Observation 3: A size of a UE-common DCI format providing TPC commands for respective CG-PUSCH resources scales linearly with the number of CG-PUSCH resources.


For a CG-PUSCH, the same design principle as for DCI format 2_1 or for a UE-common DCI format indicating resources for cancellation of transmissions. A UE-common DCI format can indicate resources in a slot that are used for MBB transmissions. This is easier to support than a UE-common DCI format for cancellation of transmissions as PDCCH monitoring needs to be only once per slot (at the beginning of the slot as for FG 3-1 where a UE may also monitor other UE-common PDCCH such as for SI) and there is no additional delay for cancelling an ongoing transmission. 

Proposal 10: A UE-common DCI format indicates resources used for transmissions in a slot and a UE does not transmit CG-PUSCH in the indicated resources. 


If a UE is configured more that one CG-PUSCH resources for URLLC, the UE can select one without interference from MBB transmissions in the slot, if any (this is also trivially the case for a single CG-PUSCH resource). 

If all CG-PUSCH resources experience MBB interference, the UE can avoid transmission in resources with MBB interference. This is beneficial for both MBB UEs and the URLLC UE. The gNB knows to exclude reception of the CG-PUSCH in resources with MBB transmissions. The UE can apply the Rel-15 power control formula to determine a required increase in the transmission power due to the increased BPRE from the smaller number of available REs. Also, interference is avoided on DMRS transmission.


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

Proposal 1: Confirm the WA that cancellation information for UL transmissions is provided by PDCCH.

Proposal 2: Cancellation information is applicable to SRS and PUSCH transmissions. FFS for PUCCH, PRACH and (non-URLLC, e.g. Type-2) CG-PUSCH. 

Proposal 3: The DCI format for cancellation of UL transmissions is UE-common. 

Proposal 4: The cancellation indication 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 UE follows a DCI format scheduling a PUSCH transmits the PUSCH that includes symbols indicated as DL 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 that the UE is not indicated to cancel transmission only when the transmission is an SRS transmission. 

Proposal 9: 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. 

[bookmark: _GoBack]Proposal 10: A UE-common DCI format indicates resources used for transmissions in a slot and a UE does not transmit CG-PUSCH in the indicated resources. 


In addition, the following are observed.

Observation 1: It is sufficient for the applicability of a transmission cancellation indication to be limited to SRS and PUSCH transmissions. 

Observation 2: Transmission power adjustments should be UE-specific, not resource specific.

Observation 3: A size of a UE-common DCI format providing TPC commands for respective CG-PUSCH resources scales linearly with the number of CG-PUSCH resources.
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