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Introduction
This contribution considers remaining issues on UL inter-UE multiplexing for URLLC. 


DG-PUSCH
It has been agreed to use a GC-DCI format to indicate cancelation of transmissions. It is FFS whether a sequence or a UE-specific DCI format should also be used. As analyzed in [1], it is not only duplicated functionality, but it is also detrimental to use a sequence or a UE-specific DCI format to provide cancelation of UL transmissions. 

Observation 1: There is no need to further consider a sequence or a UE-specific DCI format for UL cancelation. 


Cancelation should include all ongoing transmissions. It has been agreed to include PUSCH transmissions. However, the primary target should be all periodic/SPS/aperiodic SRS transmissions that can be over 6 symbols on a cell and are wideband in nature. Canceling SRS is actually more important than canceling PUSCH. For PUCCH or PRACH transmissions several RBs can be used (including frequency hopping for PUCCH or PUCCH format 2/3) 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. There is no need to differentiate PUCCHs that can be canceled or cannot be canceled.

Proposal 1: UL cancelation includes SRS transmissions. 

Proposal 2: A gNB configures to a UE whether UL cancelation includes PUCCH or PRACH transmissions. 


Regarding the UE behavior upon detecting an UL cancelation indication, the following was agreed in RAN1#98.

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 non-canceled 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

For the first and second FFS points, there is no need to differentiate a PUCCH/PUSCH transmission in a slot based on whether it corresponds to one/single repetition or more than one repetitions of the same information content. In Rel-15, whenever a UE cannot transmit a PUSCH/PUCCH in at least some symbols of a slot, the PUSCH/PUCCH transmission in the slot is dropped. This has no effect on PUSCH/PUCCH transmissions in other slots, regardless of whether or not they provide the same information content. 

Proposal 3: UL cancelation is only applicable to a PUSCH/PUCCH transmission in a slot where symbols are indicated for UL cancelation. 


Regarding the third FFS, it is in principle a gNB implementation issue. For example, if the gNB configures a UE to monitor unicast DCI formats in a search space set having same PDCCH MOs as the search space set for the GC-DCI format providing UL CI, the gNB can potentially schedule another PUSCH in non-canceled resources. However, for an eMBB UE, it can become too complex having to cancel an ongoing PUSCH transmission while preparing to transmit another PUSCH (same for PUCCH/SRS). There is also very little to be gained from a system efficiency perspective by a gNB rescheduling the same UE over residual/non-canceled resources. It should be an error case for a UE to receive an UL CI indicating cancelation of transmissions in a slot and then receive a DCI format (after the UL CI reception) that triggers a transmission in the slot as this will unnecessarily complicate the UE implementation for having, during a same preparation time, cancel an ongoing transmission and prepare for a new transmission. The budget per slot of non-overlapping CCEs for a UE that needs to monitor UL CI in multiple occasions per slot and may also be scheduled/triggered another transmission at multiple occasions per slot will also need to be considered.

Proposal 4: A UE that cancels a transmission in a slot based on an UL CI indication does not expect to be scheduled another transmission in the slot. 


Regarding the fourth FFS, phase continuity issues can occur whenever there is a change in power of ongoing transmissions. The impact of phase discontinuity depends on several factors including the level of power variation, the modulation scheme, the UE implementation, etc. This is already the case for UL CA in Rel-15 whenever a UE needs to power scale a transmission to avoid exceeding a maximum transmission power or when transmissions are not perfectly time aligned as in LTE. The worst-case scenario is that a cancelation of a transmission affects not only the transmission on the corresponding cell but also has some effect on the transmissions on other cells. Given the sporadic nature of URLLC transmissions, the overall impact is much less than when UL CA is not operated as in LTE.

Observation 2: There is no need to further consider phase discontinuity in UL CA due to UL cancelation on a cell. 


Regarding the UE processing time requirement for UL cancelation, the following was agreed in RAN1#98. 

Agreements:
· 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 a 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 a UE capability 

For the first FFS aspect, there is no practical motivation and it is actually counterproductive to loosen the Rel-15 UE capability. For the second FFS, even if a new UE capability for faster processing time than N2 is defined, unless this becomes mandatory for all UEs, the benefit for the purposes of UL cancelation will typically be small, if any.

Observation 3: There is no need to define processing time requirement for UL cancelation indication other than N2. 
 

Regarding the PDCCH monitoring for a GC-DCI format with UL CI, the following were agreed in RAN1#98.

Agreements:
· 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

Rel-15 can provide all the necessary flexibility for a search space set configuration and there is no need for any restrictions to what a gNB can configure. From a gNB perspective, restrictions in the configuration of search space sets already exist in Rel-15 due to the finite capability of a UE for a number of PDCCH candidates and non-overlapping CCEs that the UE can monitor. For example, there is no need to limit by specification the number of PDCCH candidates or CCE aggregation levels that a gNB can choose to configure to a UE for monitoring PDCCH for the DCI format with the UL CI information. For example, in a cell with good/bad geometry, a gNB can choose to use a small/large CCE aggregation level. For example, depending what other PDCCHs are transmitted in the CORESET, the gNB can choose to configure one PDCCH candidate or multiple PDCCH candidates. Forward compatibility, for example for introducing other GC-PDCCH, may also be affected by unnecessary limitations. 

Regarding the conditions for a UE to monitor UL CI, this is a UE implementation issue and does not need to be specified. It is noted that there are no UE power saving gains associated with skipping the (few) PDCCH candidates for UL CI when the UE cannot shut down its RF and baseband. What needs to be specified is that a UE is expected to cancel applicable transmissions based on N2 processing time requirement for UL cancelation. When the UE needs to monitor PDCCH in order to achieve that objective depends on the search space set configuration associated with the DCI format providing the UL CI, on the UE capability/implementation, and is a consequence rather than an individual design aspect. Further, the UE determination for the search space sets that the UE can monitor PDCCH should remain as in Rel-15 and be invariant of whether or not the UE determines whether or not the UE needs to monitor UL CI. This avoids introducing new complexities to UE implementations and avoids misunderstandings between the gNB and the UE for what the UE monitors (e.g. when the UE fails to detect an UL grant). 

Regarding an increase of the UE capability for monitoring PDCCH with UL CI, this would be beneficial for the actual support of the UL CI feature. This can be based on FG 3-5b and, due to similarities in determining the PDCCH monitoring capability for a UE supporting both eMBB and URLLC, it can be revisited once that aspect is determined. Given that the UL CI feature is expected to be an optional feature for an eMBB UE, the increased PDCCH monitoring capability can also be an optional UE feature. 

Observation 4: The Rel-15 configuration of search space sets is sufficient for the configuration of a search space set for PDCCH monitoring of a GC-DCI format providing UL CI.

Observation 5: There is no need to specify methods to reduce UE monitoring of PDCCH for UL CI. 

Proposal 5: Consider a UE capability for enhanced PDCCH monitoring when the UE indicates a capability to support UL CI. Revisit after finalizing PDCCH monitoring for a UE supporting both eMBB and URLLC. 


The time-domain indication for cancelations 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 cancelation 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 cancelations for unpaired spectrum operation, both the first and last applicable symbols for the cancelation 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, cancelation 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 cancelations 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 cancelation with the size of the GC-DCI format. 

As the functionality of UL CI is practically equivalent to the DL CI (indicate resources where transmission was/will be canceled), the GC-DCI can be based on DCI format 2_1 using same mechanism for indicating time/frequency resources for cancelation using a time/frequency bit-map and this determines the GC-DCI size per cell.

Proposal 6: The cancelation information is applicable relative to a symbol that is after the last symbol of the PDCCH providing the DCI format with the cancelation information by a number of symbols equal to the PUSCH processing time for UE processing capability 2.

Proposal 7: The cancelation information includes either the first symbol and the number of symbols or a bit-map of symbols for cancelation of transmissions. 

Proposal 8: The time-domain and frequency-domain granularity for the cancelation information is configurable. 

Proposal 9: GC-DCI for UL CI is based on DCI format 2_1 and uses a time/frequency bit-map indication. 


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). Use of SFI does not solve this issue unless new PDCCH monitoring periodicities for the SFI are defined to follow the PDCCH monitoring periodicity for the UL CI, and the SFI detection reliability is increased from 10-2 to ~10-6. 

Proposal 10: A DG-PUSCH transmission can include symbols indicated as DL symbols by TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigurationDedicated. 


For the CORESET used for the PDCCH transmission with the GC-DCI format providing the UL CI, 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 the PDSCH transmission 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 11: A UE receiving PDSCH can be configured to puncture the PDSCH reception in the CORESET of the PDCCH providing a DCI format for UL CI depending on whether or not the UE detects the DCI format. 


For adjusting a PUSCH transmission power to account for eMBB interference, the following was agreed in RAN1#98.
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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

Regarding the FFS aspect, as the amount of power adjustment needs to depend on the level of overlapping, the MCS, and possibly other factors such as UCI multiplexing, multiple values need to be indicated. A number of 2 bits provides sufficient granularity for P0 (the path-loss compensation factor does not need to be indicated as it does not depend on potential eMBB interference). In case the UL DCI format scheduling the PUSCH transmission also includes SRI, values of P0 can be provided for each SRI value.  

Proposal 12: 2 bits are used to indicate a value of . 


CG-PUSCH
Interference avoidance/compensation for CG-PUSCH transmissions was discussed at the last meeting without any conclusion. Similar to DG-PUSCH, the two options are (a) UL CI and (b) power boosting. The following were considered as part of the offline discussions [2].

Proposal 3:
For both single and multiple active CG-PUSCH cases, discuss and down-select from the following options 
· Option 1: Group common DC based power control solutions
· Option 1-1: Indication of open-loop parameter set based on UE-specific/configured grant specific indication fields in group common DCI
· Option 1-2: Increased TPC range for GC-PDCCH based on UE-specific/configured grant specific indication fields in group common DCI
· Option 1-3: UE boost the transmission power if the CG-PUSCH transmission overlaps with the time and frequency resource indicated by the group common DCI (may reuse the GC-PDCCH for cancelation indication)
· Option 2: UE rate match CG-PUSCH around the time/frequency resource indicated by GC-PDCCH

Enabling reliable reception for a CG-PUSCH is a more important objective that for a DG-PUSCH. For the latter, the gNB can always select resources without ongoing transmissions from other UEs and avoid interference as UL BW occupancy is practically never 100%. SRS transmissions are the main challenge but even this can be controlled by the gNB, for example by reserving some BW in each slot for DG-PUSCH for URLLC or by using FH for SRS transmissions. 

When overlapping occurs among a DG-PUSCH for URLLC and eMBB transmissions, the gNB is fully aware of all parameters as the gNB controls the DG-PUSCH scheduling and knows of other transmissions. Moreover, the DG-PUSCH transmission can be power controlled relatively accurately based on a prior transmission from the UE (e.g. a PUCCH with a detected positive SR or a previous DG-PUSCH) and the gNB can estimate a power adjustment for the UE to transmit the DG-PUSCH. The above do not apply to CG-PUSCH transmissions in the presence of eMBB interference.

From the options identified in RAN1#98, only Option 2 has known and reliable performance (it is Rel-15 NR operation). Existing gNB hardware can be directly re-used. The principles of UL CI design for DG-PUSCH can be directly reused. Further, Option 2 is the only approach used throughout LTE and NR to address overlapping transmissions/receptions.

Option 1 does not avoid interference on CG-PUSCH and has the following flaws (most are critical):
a) A gNB cannot reliably determine a CG-PUSCH presence: It is unknown how the gNB can determine whether there is a CG-PUSCH reception. The gNB receives a signal, that includes an eMBB signal and inter-cell interference, with a certain power level that can be different from an ideal power level for a variety of reasons including power control errors, channel fading, etc. Even if an ideally known and controlled received power was possible for a CG-PUSCH from a UE, that has not transmitted for a “long” time and has not been power controlled for short term fading, it is still not possible to accurately determine the CG-PUSCH presence as the DMRS is not orthogonally multiplexed with interfering receptions. This issue does not exist for DG-PUSCH.
b) Cannot provide the required reliability: Non-orthogonal DMRS reception for CG-PUSCH results to BLERs that are much larger than targeted for URLLC and to error floors above 1% even with power boosting (when possible to power boost), IC receivers, and even with ‘quasi-orthogonal’ (not fully corrupted) DMRS (e.g. [3]). For DG-PUSCH this problem can to some extent be controlled by dynamically selecting non-fully overlapping resources.
c) Unknown functionality: For options 1-1 and 1-2, it is unclear how it is possible to provide correct indication of open-loop parameter sets or of TPC commands based on UE-specific/configured grant specific indication fields in GC-DCI 
a. CG-PUSCH resource may not be unique to a UE and a UE may have multiple CG-PUSCH resources. 
b. A CG-specific, instead of UE-specific, indication is not workable as it cannot consider UE-specific aspects such as target BLER, MCS/TBS, SINR, level of interference depending on UE location and spatial diversity, etc.
d) Unknown feasibility and scalability: 
a. For options 1-1 and 1-2, with tens (or hundreds) of URLLC UEs in a cell, it is unclear what the required PDCCH overhead would be to provide corresponding UE-specific power adjustments with lower than 10-6 BLER in every slot. For CG-specific power adjustments, the overhead again scales with the number of CG-PUSCH resources (and CG resource-specific, instead of UE-specific, adjustment cannot address the requirements/characteristics of a specific UE). For DG-PUSCH, the adjustment is UE-specific.
b. For any sub-option of option 1, it is unclear how often the PDCCH that provides power adjustments needs to be transmitted or how a single power adjustment can work as interference can be variable across the slot (e.g. be from a mixture of PUSCH, SRS, and even PUCCH transmissions) and a CG-PUSCH resource may or may not experience interference depending on where it is in a slot. This is also not an issue with DG-PUSCH. 
e) Impact on eMBB transmissions: As evaluated during the SI, eMBB transmission are degraded with the loss ranging from ~2-3 dB to a flat BLER near 100%, depending on the MCS.
f) A power boost requirement of 3 dB or more implies reduction in coverage by 50% or more. 


For option 2, ideally there should not be any rate matching. As previously mentioned, UL BW occupancy is typically never 100%. Since configuration of multiple CG-PUSCH resources will be supported in Rel-16, a UE can select a CG-PUSCH resource where there is no intra-cell interference. Even if such resource does not exist, rate matching should be limited. Otherwise, if there is substantial overlapping resulting to a high code rate under rate matching or the substantially corrupted DMRS under no rate matching, the URLLC BLER target cannot be achieved. It is noted that rate matching, when applicable, also requires increased transmission power but the increase is smaller than with pure power boosting as rate matching results to transmissions free of inter-cell interference.
 
The GC-DCI format considered under both option 1 and option 2 should therefore provide an UL CI to avoid interference by following the same principle as for DG-PUSCH by indicating time-frequency resources where transmission should be canceled. The only difference from the UL CI for DG-PUSCH is that the applicability is to URLLC UEs instead of eMBB UEs. This also makes the support of UL CI for CG-PUSCH easier than for DG-PUSCH as the corresponding PDCCH needs to be transmitted only once per slot, specifically at the beginning of the slot as in existing NR deployments. Further, this also avoids the inapplicability of UL CI for DG-PUSCH when the scheduled eMBB UEs in a slot are Rel-15 ones.
 
Proposal 13: A GC-DCI format provides UL CI for CG-PUSCH transmissions. 

Proposal 14: Based on UL CI, a UE selects a CG-PUSCH resource with the fewest canceled REs for transmission and, if needed, rate matches the CG-PUSCH transmission in non-canceled REs. 


Conclusions
This contribution considered aspects related to inter-UE multiplexing/interference avoidance and proposes the following.

Proposal 1: UL cancelation includes SRS transmissions. 

Proposal 2: A gNB configures to a UE whether UL cancelation includes PUCCH or PRACH transmissions. 

Proposal 3: UL cancelation is only applicable to a PUSCH/PUCCH transmission in a slot where symbols are indicated for UL cancelation. 

Proposal 4: A UE that cancels a transmission in a slot based on an UL CI indication does not expect to be scheduled another transmission in the slot. 

Proposal 5: Consider a UE capability for enhanced PDCCH monitoring when the UE indicates a capability to support UL CI. Revisit after finalizing PDCCH monitoring for a UE supporting both eMBB and URLLC. 

Proposal 6: The cancelation information is applicable relative to a symbol that is after the last symbol of the PDCCH providing the DCI format with the cancelation information by a number of symbols equal to the PUSCH processing time for UE processing capability 2.

Proposal 7: The cancelation information includes either the first symbol and the number of symbols or a bit-map of symbols for cancelation of transmissions. 

Proposal 8: The time-domain and frequency-domain granularity for the cancelation information is configurable. 

Proposal 9: GC-DCI for UL CI is based on DCI format 2_1 and uses a time/frequency bit-map indication. 

Proposal 10: A DG-PUSCH transmission can include symbols indicated as DL symbols by TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigurationDedicated. 

Proposal 11: A UE receiving PDSCH can be configured to puncture the PDSCH reception in the CORESET of the PDCCH providing a DCI format for UL CI depending on whether or not the UE detects the DCI format. 

Proposal 12: 2 bits are used to indicate a value of . 

Proposal 13: A GC-DCI format provides UL CI for CG-PUSCH transmissions. 

[bookmark: _GoBack]Proposal 14: Based on UL CI, a UE selects a CG-PUSCH resource with the fewest canceled REs for transmission and, if needed, rate matches the CG-PUSCH transmission in non-canceled REs. 


In addition, the following observations are made.

Observation 1: There is no need to further consider a sequence or a UE-specific DCI format for UL cancelation. 

Observation 2: There is no need to further consider phase discontinuity in UL CA due to UL cancelation on a cell. 

Observation 3: There is no need to define processing time requirement for UL cancelation indication other than N2. 

Observation 4: The Rel-15 configuration of search space sets is sufficient for the configuration of a search space set for PDCCH monitoring of a GC-DCI format providing UL CI.

Observation 5: There is no need to specify methods to reduce UE monitoring of PDCCH for UL CI. 
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