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

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

· UL cancelation scheme (see section 7.2.1 in TR 38.824) 
· Enhanced UL power control scheme (see section 7.2.2 in TR 38.824)  
At RAN1#97, a feature summary of the currently considered options and corresponding views of companies were compiled in: R1-1907666 and R1-1907819.

Given the above, we present further details for the uplink preemption (i.e. uplink cancellation scheme) solution in the Section 2, while Section 3 is focused on UL power control enhancements. Section 4 concludes the contribution.
2
Refinement of uplink cancelation solution
At RAN1#96bis, the following agreements were captured related to uplink preemption / cancellation:

· 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.   
At RAN1#97, the following agreement was captured related to uplink preemption / cancellation:

· Support at least group common DCI for cancelation indication

· FFS whether or not to additionally support UE-specific DCI for cancelation indication
In the following, we present proposals related to different dimensions of the uplink preemption solution.
2.1 Pure suspend versus suspend and resume

The simplest option for uplink preemption indication would be for the UE to fully suspend its ongoing uplink transmission upon receiving such a message. However, a more complete solution would be to have the UE only mute (puncture) its ongoing uplink transmission for the short time period where e.g. a short URLLC transmission from another UE is happening. Take the example where an eMBB is scheduled with a TTI size corresponding to one slot of 14 symbols, and a URLLC UE that is scheduled with a 2-symbol mini-slot. If the uplink preemption takes place at the last two symbols of the eMBB transmission, it obviously makes no difference whether “resume” is included or not. However, if the uplink preemption takes place soon after the start or middle of the eMBB transmission, having the “resume” makes a difference. As an example, let’s consider the case where uplink preemption indication is signaled to an eMBB UE for symbols 3 and 4, then with “suspend and resume” the gNB would still receive symbols 0-2 and 5-13 of the eMBB transmission, while with only “suspend” the gNB would receive only symbols 0-2 of the scheduled 14-symbol slot TTI transmission, and therefore fail in decoding the preempted transmission. But, for the case with “suspend and resume”, only 2 out of 14-symbols (one slot) are muted (punctured), which means that the gNB may still be able to correctly receive the transmission. Hence, with “suspend and resume” we reduce the probability of an uplink preemption event triggering a HARQ retransmission for the preempted transmission. This benefit is worth harvesting, given that including “suspend and resume” (i.e. puncturing), as compared to only “suspend”, represent marginal overhead / complexity. In order to verify the performance benefit, we have conducted a series of link-level PUSCH transmissions to study the BLER versus for SNR for an uplink eMBB PUSCH that is transmitted over 14-symbols (one slot) on 50 PRBs. There is one code block per transport block. We used TDL-C 300ns @ 3 kmph, with realistic DMRS based channel estimation. Fig. 1 shows the BLER vs SNR for different MCSs for cases without any puncturing, as well as for cases where symbols 6 and 7 are punctured (i.e. corresponding to a case where a latency critical URLLC users is scheduled with a short 2-symbol mini-slot transmission on symbols 6 and 7). As expected, the BLER performance gets worse when the eMBB user is subject to puncturing. But it is worth to notice that performance loss is manageable. If we e.g. assume that PUSCH eMBB transmissions typically are operated with 10% BLER for first transmissions, then the results in Fig. 1 shows that the BLER increases from 10% to 20%-30% when puncturing happens, i.e. there is still 70%-80% probability of correctly decoding the eMBB transmission (even when punctured). If we instead of puncturing, fully suspend the eMBB transmission from symbol 6, the BLER increases to close to 100%. Thus, there is a clear benefit of having the uplink preemption solution standardized with indication of the punctured resources, rather than a simple suspend signaling solution.
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Fig. 1: BLER versus SNR for eMBB slot-transmissions on 50 PRBs w/o puncturing of symbols 6 and 7.
Observation 2-1: eMBB PUSCH link-level performance results shows clear benefits of puncturing symbols where URLLC users are scheduled as compared to the simpler options with full suspend. 
Proposal 2-1: In addition to indicating the PUSCH suspend, the uplink preemption indication message should also indicate the duration of the suspend / start of resume operation. This corresponds to signaling the puncturing of part of the ongoing PUSCH transmission. 
2.2 Signals / Channels subject to cancellation
In following we address the following aspects as per the RAN1#96bis 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
Here our view is that PUSCH transmissions are subject to puncturing independently on how the PUSCH is scheduled, i.e. applicable for dynamically scheduled PUSCH, semi-persistent PUSCH, or configured grant (CG) PUSCH. Assuming that dynamic PUSCH scheduled is the dominant mode of operation for eMBB users, having puncturing apply to CG PUSCH could be relaxed if that makes the design less complex (see later section on UE monitoring).

Radio resources where PUCCH transmissions happen are controlled by the gNB, and typically only occupy a small fraction of the total available uplink transmission resources. The gNB may therefore apply radio resource management algorithms where it allocates PUCCH transmissions on certain resources, while primarily transmitting latency critical URLLC PUSCH transmission on other resources, and thereby avoid (or minimize) uplink collisions between PUCCH and URLLC PUSCH transmissions. Thereby, potential puncturing of PUCCH (e.g. carrying Ack/Nack for downlink PDSCH transmission) that may result in unnecessary downlink transmissions is avoided. Puncturing of PUCCH is therefore not critical to be standardized for Rel-16. Advanced options for PUCCH puncturing were listed in R1-1907666, where puncturing of PUCCH was made dependent on the information carried on this channel (e.g. critical / high priority HARQ-ACK vs periodic CSI information). However, in our view this would introduce unnecessary complexity with questionable benefits.
Similarly, the gNB is also responsible for allocating resources for PRACH transmissions. The gNB may therefore avoid scheduling latency critical URLLC PUSCH transmissions on resources that have been allocated for PRACH. Moreover, UL cancelation cannot be applied in case of cell acquisition anyhow – so PRACH should not be considered. SRS transmissions are primarily used by the gNB for link adaptation and radio channel-aware scheduling decisions of scheduled PUSCH transmissions. The NR SRS transmissions design is rather flexible. SRS is transmitted over 1, 2, or 4 symbols, and supports 12 options for different cyclic shifts. Same options for frequency domain hopping mechanism as defined for LTE are supported for NR SRS. For some cases, SRS transmission may therefore fully overlap with a latency critical URLLC PUSCH transmission that e.g. is transmitted on a 2-symbol mini-slot. Given that occasionally missing a few SRS transmission(s) is not estimated to be that critical, we propose that SRS transmission are subject to cancellation (puncturing). Thus, we propose the following:       
Proposal 2-2: A UE that receives an uplink preemption indication message shall cancel / puncture its ongoing PUSCH and SRS transmission on the indicated resources. PUCCH and PRACH transmissions are not subject to cancellation / puncturing. 
2.3 Means of signalling uplink pre-emption 

At RAN1#97, it was agreed to support at least GC-DCI signaling for UL preemption indication, with UE-specific DCI signaling to be FFS. 

Without repeating the discussions in our earlier contributions as well as the discussions during RAN1#97, we do not see the need to support also UE-specific DCI for cancelation indication.
Proposal 2-3: Do not additionally support UE-specific DCI for cancelation indication.
Building on GC-DCI format 2_1 for uplink preemption indication:

Inspecting how the downlink preemption (interrupted transmission indication) is anchored in Rel-15, it relies on DCI Format 2_1 as follows (source: TS 38.212, Section 7.3.1.3.2): 
“DCI format 2_1 is used for notifying the PRB(s) and OFDM symbol(s) where UE may assume no transmission is intended for the UE. The following information is transmitted by means of the DCI format 2_1 with CRC scrambled by INT-RNTI: Pre-emption indication 1, Pre-emption indication 2, …, Pre-emption indication N. The size of DCI format 2_1 is configurable by higher layers up to 126 bits, more details in TS 38.213. Each pre-emption indication is 14 bits”. 
Capturing uplink pre-emption in Rel-16 specs could build on similar signalling framework. That is, reuse the same structure for signalling to UEs in a cell to indicate which resources UEs shall puncture from its uplink transmission. There are, however, some differences between the downlink and uplink pre-emption that must be considered in designing the related signalling. One of those differences is that the downlink pre-emption (interrupted transmission) is sent by the gNB after the downlink pre-emption has happened, while for uplink pre-emption indication it comes as an instruction to the UE informing it to “puncture” already scheduled resources. For the Rel-15 downlink preemption, 14-bits (see details in TS 38.213, Section 11.2) are used for indicating affected time- and frequency-domain resources. However, for the uplink preemption, the exact number of bits and the meaning of those bits will have to be re-defined. For indicating which time-domain uplink transmission resources shall be punctured by UEs, the simplest option may be the following: The puncturing of UE transmission resources starts N2 symbols after the PDCCH reception with the uplink preemption indication (N2 being the UE processing time based on UE capability #2). A few bits, say 3-bits, are used to indicate the number of symbols M that UEs shall puncture. This would work if the uplink preemption indication and scheduling grant for the URLLC user is sent at the exact same time from the gNB, and the URLLC transmission (that needs protection by puncturing eMBB users) happens N2 symbols after those downlink control signaling. However, allowing some flexibility to also signal other time offsets of X (X should be larger than or equal to N2), such that the puncturing of the eMBB user(s) happen X symbols after the uplink preemption indication, is desirable. Allowed values of X could be higher layer configured, reserving 2-3 bits for dynamically signaling the value of X to be used. 
Secondly, it needs to be indicated which frequency domain resources UEs shall puncture. Here it shall be recognized that it is desirable to only puncture the resources where the vulnerable URLLC transmission will take place. Hence, it should be possible to indicate which PRBs of resource block groups (RBGs) shall be punctured (and thus naturally, only UEs in the cells transmitting on those resources will be affected). In designing this, it should be kept in mind that URLLC transmissions (despite their modest payloads) are typically sent with mini-slot TTI sizes (say e.g. 2-symbols) and over bandwidths of several MHz. Signaling of the frequency domain for uplink preemption could be based on the signaling of frequency domain allocation for PUSCH that consists of the following two options [3GPP TS 38.214, Section 6.1.2.2]:

· Type 0 FDRA: The resource block assignment information includes a bitmap indicating the Resource Block Groups (RBGs). An RBG is a set of consecutive physical RBs defined by higher layer parameter.
· Type 1 FDRA: The RB assignment information indicates to a scheduled UE a set of contiguously allocated localized or distributed virtual RBs within the active carrier bandwidth part. That is, frequency-domain resources are indicated as starting PRB + number of scheduled PRBs
Higher-layer (e.g. RRC signaling) could therefore be defined to signal whether the frequency domain indication for uplink preemption signaling is according to Type-0 or Type-1 resource allocation. Here Type-1 is the most compact form of signaling, allowing to signal a block of contiguous PRBs to be punctured. However, if e.g. multiple URLLC users are scheduled on non-contiguous PRBs at the time, all calling for uplink preemption, use of Type-0 offers the desired flexibility. 

Proposal 2-4: For GC-DCI signaling of uplink preemption indication, it is suggested to build on the same principles as for GC-DCI format 2_1, but with a re-defined meaning of the bits used for indicating the time- and frequency-domain resources that UE(s) shall puncture. 
· Start time of the puncturing (aka suspend) may correspond to X symbols (X should be larger than or equal to N2) after the GC-DCI reception. Allowed values of X could be higher layer configured, reserving 2-3 bits for dynamically signaling the value of X to be used.
· Number of symbols M to be punctured is dynamically indicated in the GC-DCI, which may include one signaling state to indicate no-resume. Number of bits to indicate M in GC-DCI may be on the order of 3 bits (exact value is FFS).
· Frequency-domain allocation of resources that shall be punctured are in line with either Type-0 or Type-1 frequency domain allocation as defined in 3GPP TS 38.214, where the selection of Type-0 or Type-1 is higher-layer configured (e.g. by RRC signaling).
Based on Rel-15 behavior, the UE is not expecting any PUSCH re-transmission grant during a still ongoing PUSCH transmission of the same TB / HARQ process. But with the UL cancelation, the gNB may be already at the time when sending the GC-DCI UL PI aware of the fact that it will not be able to decode the PUSCH correctly, especially when applying cancelation without resume. Therefore, it may be of advantage to support the re-transmission scheduling as soon as the UL PI is indicated, as shown in Figure 2.   
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Figure 2: Enable combination of GC-DCI for pre-emption signaling and UL grant-based re-Tx.

 
Proposal 2-5: A UE configured for UL preemption may expect a re-transmission grant of a pre-empted PUSCH transmission already before the end of the initial PUSCH allocation, which may schedule a PUSCH re-transmission before the end of the initially scheduled PUSCH (in case of no resume) or immediately following the initially scheduled PUSCH (in case of resume operation). 
2.4 UE monitoring for uplink pre-emption indication
The monitoring for uplink preemption indication should be cleverly managed to prevent unnecessary computational burden and power consumption for the UE. As an example, for cells with low offered load (or only eMBB traffic) uplink preemption is not likely to be used, and hence there is no need to have UE monitor for uplink preemption indication. On the contrary, for loaded cells with a mixture of eMBB and URLLC traffic, having UEs with eMBB traffic monitoring for uplink preemption indication is an advantage. We therefore suggest that the network is in charge of configuring UEs for uplink preemption indication monitoring, including the exact monitoring occasions with a supported periodicity down to e.g. 2 symbols. Such configuration could be implemented by means of higher-layer signaling such as RRC signaling which includes the UL PI monitoring occasions. UEs that are configured to monitor for uplink preemption indication shall naturally only monitor for such signaling during time periods where it is eligible to have its uplink transmissions preempted. In the following, we assume that the time for the UE to decode uplink preemption indication (incl. time to start performing uplink preemption) equals N2 symbols (i.e. same processing time as for a Capability-2 UE to decode a DG and starting the corresponding UL PUSCH transmission). Given the former, we consider the following cases:
· Monitoring for uplink preemption of DG PUSCH: Once the UE receives an uplink DG, it shall start to monitor for uplink preemption indication and continue monitoring at least until N2 symbols before the end of the DG PUSCH transmission. An example of the related UE UL PI monitoring behavior is shown in Figure 3, where the UL PI monitoring occasions the UE is (at least) required to monitor are marked in red.  

· Monitoring for uplink preemption of semi-persistent and CG PUSCH transmissions: The UE shall monitor for uplink preemption indication at least N2 symbols before the start of a semi-persistent / CG PUSCH transmissions, and continue to monitor for uplink preemption at least until N2 symbols before the end of the such PUSCH transmissions. The UE has to take the configured monitoring occasions for UL PI into account, when defining the starting point of the monitoring as illustrated in Figure 4. The UE is to start monitoring at latest in the UL PI monitoring occasion ending N2 symbols before the start of the PUSCH transmission. The UL PI monitoring occasions the UE is (at least) required to monitor are marked in red in the example of Figure 4. It may be further discussed, if the UE should be required to not just start from a single PDCCH occasion before the start of the PUSCH, but maybe consider a larger configured number of PDCCH occasions for UL PI monitoring to provide more flexibility in the timing when the gNB can send the UL PI message. 
· Monitoring for uplink preemption of aperiodic SRS: When aperiodic SRS is subject to UL preemption, once the UE receives a dynamic UL grant or DL assignment triggering aperiodic SRS transmission, the UE shall start to monitor for uplink preemption indication and continue (at least) until N2 symbols before the end of the triggered / aperiodic SRS transmission. This monitoring behavior is illustrated in Figure 3 and is the same as for DG PUSCH.    
· Monitoring for uplink preemption of semi-persistent and periodic SRS: When SRS is subject to uplink preemption, the UE will have to monitor for uplink preemption indication at least N2 symbols before the SRS transmission for the UE taking the configured UL PI monitoring occasions into account. The UL PI monitoring behavior is the same as for semi-persistent and CG PUSCH above and is illustrated in Figure 4. 
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Figure 3: Example illustration of UE monitoring for uplink preemption 
indication of DG PUSCH and triggered SRS transmission.
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Figure 4: Example illustration of UE monitoring for uplink preemption indication 
of semi-persistent and periodic (CG) PUSCH / SRS transmissions.

Proposal 2-6: The gNB should be able to configure a UE with higher-layer signaling to monitor for uplink preemption indication with a periodicity as small as 2 symbols. UEs with such configuration are only mandated to monitor for uplink preemption indication during certain time periods (to enable power saving) defined as:

· For DG PUSCH and triggered/aperiodic SRS transmission, the UE shall start monitoring after having received (decoded) the DCI scheduling PUSCH or triggering SRS transmission and continue monitoring at least till N2 symbols before the end of the DG PUSCH / aperiodic SRS transmission. 
· For semi-static PUSCH/SRS, CG PUSCH and periodic SRS, the UE shall start monitoring at latest in the latest UL PI monitoring occasion ending no later than N2 symbols before the start of the respective PUSCH or SRS transmission and continue monitoring at least till N2 symbols before the end of the respective PUSCH / SRS transmission.
· FFS if the UE could be required to start slightly earlier, e.g. 2 or 3 UL PI monitoring occasions ending no later than N2 symbols before the respective UL transmission start.  
Let’s now look at the predictability of the UL PI operation from gNB perspective. For semi-static and periodic SRS/PUSCH (incl. CG PUSCH), the gNB will be aware of the required UE monitoring and therefore, if the UE is able to cancel its transmission in time. In contrast, for DG PUSCH and triggered SRS illustrated in Figure 3, there is still the uncertainty for the gNB when the UE actually would start latest for UL PI monitoring after receiving the UL grant / SRS trigger, as the required time for DCI decoding (noted as ‘Nx’ in Figure 3) is currently not defined. Clearly, as a worst-case assumption N2 could be used here but this will very much limit the UL PI operation, as the UL PI could apply earliest after 2xN2+PDCCH_length. Therefore, RAN1 may consider defining some maximum delay between the UL grant / SRS trigger and the start for UL PI monitoring.
Proposal 2-7: Consider defining some maximum delay between the UL grant / SRS trigger and the start for UL PI monitoring.

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

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

· Support an additional {28,28,24,16} non-overlapping CCEs overall per slot for UL PI monitoring applicable to (={0,1,2,3} 

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

· FFS if the increased monitoring capability is restricted to UL PI monitoring 
3
 Uplink power control considerations
Various power control enhancements were studied as part of the eURLLC SI, leading the following text captured in TR 38.824, Section 7.2.2:

“Enhanced UL power control is considered as one potential enhancement for UL inter-UE Tx prioritization/multiplexing and the study mainly focuses on enhanced dynamic power boost for URLLC UE, including dynamic change of power control parameters (e.g. P0 and alpha without SRI configured) and enhanced TPC (e.g. increased TPC range and finer granularity). The need of URLLC UE power change during one transmission instance is not envisioned. It is assumed that there is no change of eMBB UE power control scheme in this study item. 
Enhanced dynamic power boost for URLLC UE are studied from several aspects, including feasibility of boosting UE power in power limited or interference limited scenarios, physical channel/signal used for the signalling, UE processing timeline for the signalling, UE monitoring behaviours for the signalling, UE PDCCH monitoring capability if the signalling is by PDCCH and methods to ensure the reliability of the signalling.

It is concluded that the potential enhanced UL power control may include UE determining the power control parameter set (e.g. P0, alpha) based on scheduling DCI indication without using SRI, or based on group-common DCI indication. Increased TPC range compared to Rel-15 may also be considered. Power boosting is not applicable to power limited UEs.”
From above text in the TR which is directly referred to by the related objective in the TR, it is clear that dynamic power boosting for URLLC UE is in focus, where the power boosting may be required in case of having a collision with the transmission of some other eMBB UEs PUSCH transmission. 

From the TR, two different methods to enable the power boosting for URLLC UEs in case of collision are explicitly mentioned: 

· Alt. 1: Different TPC parameter sets (e.g. P0, alpha)

· Alt. 2: Increased TPC range of the dynamic TPC signaling (i.e. (PUSCH in Sec. 7.1 of TS 38.213)

This is also visible from the related RAN1#97 conclusion:

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

First, let us discuss for which UL signals and channels dynamic power boosting for inter-UE collisions handling should be applicable in addition to dynamic and CG PUSCH. As for uplink cancelation discussed in Sec. 2.2, we don’t see a need to specifically protect PUCCH from a conflicting PUSCH, as the gNB through proper PUCCH resource configuration can limit the impact. Moreover, the gNB should be aware of possible UE PUCCH transmission based on its PDSCH scheduling (and can thereby prevent the collision). Similarly for SRS, we don’t see a need to specifically protect this and even see a possibility that SRS power boosting could negatively impact the overall system performance due to inter-cell interference increase. We therefore propose: 

Proposal 3-1: Enhanced TPC for inter-UE multiplexing is only applicable to scheduled and CG PUSCH. SRS and PUCCH should use the legacy Rel-15 TPC operation.

Looking at the first alternative of different TPC parameter sets for PUSCH, when having e.g. two different P0 values configured P0_1 for non-collision case and P0_2 for the case of having a collision with eMBB PUSCH transmission, P0_2 should be larger than P0_1 (P0_2>P_01) and the difference of the two different values would be the power boosting the UE would apply in case of collision (i.e. P0_2=P0_1+boost). By configuration, the gNB could therefore define the intended power boosting by the appropriate setting of P0_1 and P0_2. 

Looking at different values for the path loss compensation factor alpha, the operation is not that clear anymore. Let’s consider applying different values in here (α1 and α2), which having α2>α1 to get a higher output power. But as these values are higher layer configured, the power boosting in case of collision will be given by the absolute path loss and the difference in the alpha setting, i.e. path loss PL multiplied by the difference of the two alphas’ given by (α2-α1)*PL. Therefore, the power boosting factor by different alpha’s is a direct function of the absolute path loss. In case the path loss PL changes for a single UE, the dynamic power boosting factor would be changed accordingly. Let’s just use a simple example here to explain this: having the path loss compensation factor set to α2=1 and α1=0.7 will lead in case of 50dB PL in power boosting factor of 15dB, whereas for 100dB PL this will result in 30dB power boosting when having a collision which seems to be not well motivated. First, having the TPC loop settled for the case of no collision the required power boosting for the collision case to guarantee successful URLLC reception should not be dependent on the URLLC UE location within the cell. Moreover, having a (much) larger power boost at the cell border (i.e. high path loss) would only lead to excessive produced UL inter-cell interference. On the other hand, the level of power boost on URLLC UE, should be mainly based on the received uplink power from the eMBB UE, which causes the inter-UE interference. The dynamic adjustment of URLLC UE power boost (in addition to ordinary power loop), is mainly caused by the dynamic power control implemented on the eMBB UE. Therefore, only the path loss variation on eMBB UE could have potential impact on the power boost for URLLC UE (in addition to ordinary path loss compensation). We thus conclude that the path loss compensation factor alpha is not suitable for the power boosting on URLLC UE in the event of inter-UE multiplexing. 

To implement different P0 on URLLC UE for the situation of having a (potential) collision or not with eMBB data on the channel, one or more additional signaling bit would be required, depending on the number of boosting levels needed. In the RRC configuration messages, more than one p0-PUSCH-AlphaSet would be signaled to the UE. In the scheduling DCI or group common DCI, an additional field is needed to signal the UE which P0 value should be used. 

Observation 3-1: For the option of different TPC parameter sets, using different P0 for URLLC to distinguish the cases with and without PUSCH collision seems feasible, whereas applying different path loss compensation factors alpha seems to be not very logical as the relative dynamic power boost would be a function of the absolute path-loss value. At least one additional signaling bit will be required in the DCI, and multiple P0 should be higher-layer configured for PUSCH.  
The suggested larger TPC range would in some way have the same effect as using a different P0 for the transmission, as for accumulative TPC a larger positive TPC step (+x dB) could be indicated for a colliding URLLC PUSCH transmission and then apply a larger negative TPC step (-x dB) in the follow-up URLLC PUSCH transmission having no collision. Therefore, in case the larger TPC step size solution is adopted, we need a larger step size for increase and decrease for the accumulative TPC operation. In contrast, for absolute power control the power boosting is only requiring larger positive values (i.e. boost, +z dB) as the TPC command is anyhow just valid for a single PUSCH transmission instance (i.e. no accumulation).

Observation 3-2: For the option of increased dynamic TPC range, for accumulated TPC larger positive and negative value(s) will be required for (PUSCH, whereas only larger positive value(s) will be required for absolute TPC.    
Some companies suggested to stay with the current 2 bits TPC and just use alternative TPC table entries for URLLC UEs, i.e. defining an alternative 2bit TPC table compared to Table 7.1.1-1 in TS 38.213 to not increase the DL signaling overhead compared to Rel-15 TPC signaling (and save one bit compared to the different TPC parameter set option). We see some issues with trying to do that because: 

· For accumulated TPC, having one large value x (e.g. x=5 or x=7 dB) for the power boosting and power-set-back (+x, -x) will leaves us only with two states to perform regular power-control to adjust the transmission power (which could be set to (+1,-1)). Even for constant channel conditions the power would be unnecessarily changed (by at least 1dB per transmission) which is currently handled by the 0dB entry. Moreover, smaller channel fluctuations cannot be that easily tracked due to missing TPC values in-between. Therefore, we think it to be more reasonable to increase the TPC to 3bits instead. 

· For absolute TPC, the adjustment of the target SNR (especially for partial path-loss compensation) is fully relying on the possible TPC values in the table due to the missing accumulation procedure. Using a sparse grid (with only larger values) will clearly lead there to inefficiencies as well. Therefore, also for this case we prefer to add additional power boosting values on top of the existing values, as one should not only think about the possibility of some UL collision on some URLLC resources but also consider the performance of the overall power control operation. 

Observation 3-3: For the option of increased dynamic TPC range, operating with 4 TPC states / 2bits seems not enough to enable at the same time proper, regular TPC adjustments and the dynamic power boost option on top. Therefore, 3-bit TPC commands to enable the increased TPC range seem more feasible. 
In our RAN1#97 contribution in R1-1906756, we discussed more details of comparing increased TPC range and different open loop parameter sets but there mainly focused on the DG PUSCH case. From the discussions there, for DG PUSCH the increased TPC range provides more TPC setting flexibility with the same DCI overhead but may require independent TPC loops, specifically when considering CG and DG operation. In general, compared to our RAN1#97 contribution R1-1906756, we would like to discuss here more about the CG PUSCH operation as the three options from the RAN1#97 conclusions mainly differ in the operation for CG PUSCH (especially Option 3 compared to Option 1 & 2). 
Overall, we see a need to also provide enhanced TPC power control for CG PUSCH especially as for aperiodic URLLC traffic plenty of resources may need to be configured to enable the low latency operation and it will not always be possible to schedule eMBB UL traffic around these CG resources. Moreover, RAN1 needs to provide solutions not just for a single CG configuration but needs to provide a Rel-16 solution to also handle the case of multiple-active CG configurations being essential for URLLC.

Proposal 3-2: Rel-16 enhanced TPC for inter-UE multiplexing is in addition to DG PUSCH to also support CG PUSCH operation including multiple active CG configurations.    

In a scenario where a URLLC UE is having multiple active CG configurations, the multiplexing of DG eMBB and CG URLLC UE may occur in only some of the CG occasions. To avoid unnecessary power boost of CG configurations that have no overlapping on the transmission occasion, a URLLC UE should be indicated the exact CGs having conflicts with the DG resources. An example of multiplexing 2 eMBB DG PUSCHs and 4 URLLC CGs with some overlapping is illustrated in Fig. 5. If the same higher transmit power would be applied to all CGs, there would be unnecessary power boost on CG3 and CG4 which are non-overlapping with any DG eMBB PUSCH. This might cause waste of UE transmission power and unnecessary UL interference. Below we discuss the operation for the 3 different options from the RAN1#97 conclusions. 
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Figure 5. Example of multiplexing of URLLC configured grants and eMBB PUSCH
For Option 1 with the indication of different open-loop parameter sets, it will be possible to operate the multiple-active CG configuration scenario with a single TPC loop (as also discussed during RAN1#97). But independent indication of the power control parameter sets may be required as e.g. in case of the example in Figure 5 the GC-DCI should indicate the ‘power boosting’ parameter sets for CG1 and CG2, but no power boosting to be indicated for CG3 and CG4. Looking at the related signaling, in addition to the Rel-15 TPC indication the UE would need to be configured with a bit position in DCI format 2_2 used to indicate the applicable TPC parameter set of a CG configuration. The configuration of the bit position within DCI format 2_2 could be done separately (and independently) for each CG configuration. An example structure on how this could look in DCI format 2_2 with 4 CG configurations having independent indication for UE1 is illustrated in Figure 6 below. Figure 6 clearly shows that the newly needed bits for the CG power boosting through TPC parameter set indication can be implemented in a way keeping DCI format 2_2 backwards compatible for Rel-15 UEs. As noted above, the gNB may configure different bit positions for the different CG configurations of a UE which may require up to 12 additional bits in DCI format 2_2 for such a UE. Alternatively, the gNB may decide to configure the same bit position for more than one CG configuration of a UE or may configure the same bit position for the CG configurations of different UEs (e.g. in case of overlap) to reduce the needed signaling overhead with reduced independent indication flexibility. It should be noted here, that the UE will be informed in this case with a single DCI not just about the TPC setting but also the potential power boosting at the same time. 
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Figure 6: Example structure of Option 1 signaling using DCI format 2_2 for 4 CG configurations

In case of Option 2, if the gNB wants to keep control of each CG configuration independently, a separate TPC field will need to be present for each of the (multiple) CG configurations. Even if we stay with the 2bits TPC field size, this may mean up to 24 bits for a single UE with up to 12 CG configurations or even 36bits when increasing the TPC field size to 3bits for the increased TPC range based on observation 3-3 above. Comparing this to the maximum overhead of 2bits TPC + 12bits ‘CG OL TPC set’ = 14 bits per UE of Option 1, the signaling overhead of Option 2 compared to Option 1 with multiple active CG configurations will be much higher. In addition, the UE will need to keep separate TPC loops for each of the CG configurations which is not required for Option 1, where a single TPC loop for DG and all CGs with different P0/alpha can be operated. 

Observation 3-4: For multiple-active CG configurations, Option 1 results in much less DL control signaling overhead compared to Option 2 and does not require independent TPC loops for the UE simplifying UE implementation.
Option 3 bases its CG operation on the indication of time-frequency resources occupied by eMBB PUSCH. In the scenario of multiple eMBB allocations having overlap with the URLLC CG resource shown in Fig. 5, the gNB may need to signal the t-f-resources of each eMBB allocation meaning more than one t-f-allocation may need to be signaled. Such allocation may or may not fit in a single GC-DCI. But even though the eMBB resource indication (e.g. for the next slot) is to fit in a single GC-DCI, for overall CG TPC operation for a UE, the UE would need to receive this new GC-DCI of the eMBB allocation in addition to the DCI Format 2_2 adjusting the TPC loop for the UE. In this respect, the transmission/reception of two independent DCIs (one for TPC, one for eMBB allocation) is needed for the CG TPC of a single UE for Option 3 whereas a single DCI is sufficient for Options 1 & 2. 
We would further like to note here that power boosting of CG PUSCH may or may not be required depending on the overlap. Clearly, if all t-f-resources of a URLLC CG transmission occasion are overlapping with eMBB PUSCH (as in case of Figure 5 for CG1 and CG2) the power boost (e.g. higher P0) may be needed. But in case of partial or even minor overlap of resources the power boost may not be required. The description of Option 3 in the RAN1#97 conclusions hint that the UE would use the larger P0 in case of any overlap of the indicated resources – which again might lead to unnecessary power boosting and interference. An example is illustrated in Figure 7, where only a small share of resources of CG1 are overlapping with eMBB PUSCH and power boosting for CG1 therefore may not be needed. In contrast, Options 1 and Option 2 allow the gNB to individually indicate if a power boost should be done by the UE for a specific CG configuration. In this respect, we see an advantage of Options 1 & 2 in terms of the flexibility for the gNB to control the UE power boosting. Finally, Options 1 & 2 provide a single, unified approach/procedure for enhanced TPC of CG & DG PUSCH whereas in case of Option 3 two completely different approaches are used for DG PUSCH and CG PUSCH which increases the complexity for UE implementation. 
Observation 3-5: For multiple-active CG configurations, Option 3 requires two independent DCIs (one for TPC, one for eMBB allocation) for enhanced TPC operation for CG PUSCH and gives less flexibility to the gNB to control unnecessary power boost (e.g. in case of minor overlap) compared to Options 1 & 2. In contrast to Options 1 & 2, Option 3 is using two completely different approaches for DG and CG PUSCH handling, which increases UE implementation complexity. 
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Figure 7. Example of partial overlap between some URLLC configured grants and eMBB PUSCH

In the RAN1#97 conclusions there is an FFS if the open-loop parameter sets / TPC parameters for DG-PUSCH and CG-PUSCH may be same or different. First, we would like to note here that already in Rel-15 at least the TPC parameter sets for DG and CG PUSCH can be different. Moreover, in the scenario of a UE having both DG-PUSCH and CG-PUSCH at the same or different time, there is a need for using different power in order to improve the performance. This is because CG-PUSCH have higher probability of collisions which causes lower reliability, throughput and higher latency. A higher transmit power can potentially compensate that with higher SINR for one transmission. In this context, different open-loop parameter sets or TPC configurations for DG-PUSCH and CG-PUSCH should be supported. 

Observation 3-6: For a UE, different open-loop parameter sets and TPC configurations for DG-PUSCH and for different CG-PUSCH configurations should be supported.
Based on the discussions above and the related observations comparing Options 1, 2 and 3, we think that Option 1 is the most suitable solution for TPC enhancements for inter-UE multiplexing for DG and CG PUSCH (incl. multiple active CG configurations). It should be possible to have different open-loop TPC parameter sets configured for DG and CG, as well as for different CG configurations. 
We therefore propose: 

Proposal 3-3: Support Option 1, i.e. indication of open-loop parameter sets by DCI for DG and CG PUSCH, with the following details:

· For DG-PUSCH, an open-loop parameter set indicated to the UE by scheduling DCI without using SRI is applied to the scheduled transmission

· For a CG-PUSCH, an open-loop parameter set is indicated to the UE by a configured bit in group common DCI format 2_2

· Support separate configuration of the bit location within DCI format 2_2 for different CG configurations of a UE 

· For a UE, the open-loop parameter sets for DG-PUSCH and CG-PUSCH as well as different CG configurations can be different (i.e. support separate configuration)
4
Conclusion

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

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

Observation 2-1: eMBB PUSCH link-level performance results shows clear benefits of puncturing symbols where URLLC users are scheduled as compared to the simpler options with full suspend. 

Proposal 2-1: In addition to indicating the PUSCH suspend, the uplink preemption indication message should also indicate the duration of the suspend / start of resume operation. This corresponds to signaling the puncturing of part of the ongoing PUSCH transmission. 
Proposal 2-2: A UE that receives an uplink preemption indication message shall cancel / puncture its ongoing PUSCH and SRS transmission on the indicated resources. PUCCH and PRACH transmissions are not subject to cancellation / puncturing. 
Proposal 2-3: Do not additionally support UE-specific DCI for cancelation indication.
Proposal 2-4: For GC-DCI signaling of uplink preemption indication, it is suggested to build on the same principles as for GC-DCI format 2_1, but with a re-defined meaning of the bits used for indicating the time- and frequency-domain resources that UE(s) shall puncture. 

· Start time of the puncturing (aka suspend) may correspond to X symbols (X should be larger than or equal to N2) after the GC-DCI reception. Allowed values of X could be higher layer configured, reserving 2-3 bits for dynamically signaling the value of X to be used.
· Number of symbols M to be punctured is dynamically indicated in the GC-DCI, which may include one signaling state to indicate no-resume. Number of bits to indicate M in GC-DCI may be on the order of 3 bits (exact value is FFS).

· Frequency-domain allocation of resources that shall be punctured are in line with either Type-0 or Type-1 frequency domain allocation as defined in 3GPP TS 38.214, where the selection of Type-0 or Type-1 is higher-layer configured (e.g. by RRC signaling).
Proposal 2-5: A UE configured for UL preemption may expect a re-transmission grant of a pre-empted PUSCH transmission already before the end of the initial PUSCH allocation, which may schedule a PUSCH re-transmission before the end of the initially scheduled PUSCH (in case of no resume) or immediately following the initially scheduled PUSCH (in case of resume operation). 

Proposal 2-6: The gNB should be able to configure a UE with higher-layer signaling to monitor for uplink preemption indication with a periodicity as small as 2 symbols. UEs with such configuration are only mandated to monitor for uplink preemption indication during certain time periods (to enable power saving) defined as:

· For DG PUSCH and triggered/aperiodic SRS transmission, the UE shall start monitoring after having received (decoded) the DCI scheduling PUSCH or triggering SRS transmission and continue monitoring at least till N2 symbols before the end of the DG PUSCH / aperiodic SRS transmission. 

· For semi-static PUSCH/SRS, CG PUSCH and periodic SRS, the UE shall start monitoring at latest in the latest UL PI monitoring occasion ending no later than N2 symbols before the start of the respective PUSCH or SRS transmission and continue monitoring at least till N2 symbols before the end of the respective PUSCH / SRS transmission.
· FFS if the UE could be required to start slightly earlier, e.g. 2 or 3 UL PI monitoring occasions ending no later than N2 symbols before the respective UL transmission start.  
Proposal 2-7: Consider defining some maximum delay between the UL grant / SRS trigger and the start for UL PI monitoring.

Proposal 2-8: Support an increased PDCCH monitoring capability for UL PI.

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

· Support an additional {28,28,24,16} non-overlapping CCEs overall per slot for UL PI monitoring applicable to (={0,1,2,3} 

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

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

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

Proposal 3-1: Enhanced TPC for inter-UE multiplexing is only applicable to scheduled and CG PUSCH. SRS and PUCCH should use the legacy Rel-15 TPC operation.

Observation 3-1: For the option of different TPC parameter sets, using different P0 for URLLC to distinguish the cases with and without PUSCH collision seems feasible, whereas applying different path loss compensation factors alpha seems to be not very logical as the relative dynamic power boost would be a function of the absolute path-loss value. At least one additional signaling bit will be required in the DCI, and multiple P0 should be higher-layer configured for PUSCH.  
Observation 3-2: For the option of increased dynamic TPC range, for accumulated TPC larger positive and negative value(s) will be required for (PUSCH, whereas only larger positive value(s) will be required for absolute TPC.    
Observation 3-3: For the option of increased dynamic TPC range, operating with 4 TPC states / 2bits seems not enough to enable at the same time proper, regular TPC adjustments and the dynamic power boost option on top. Therefore, 3-bit TPC commands to enable the increased TPC range seem more feasible. 

Proposal 3-2: Rel-16 enhanced TPC for inter-UE multiplexing is in addition to DG PUSCH to also support CG PUSCH operation including multiple active CG configurations.    

Observation 3-4: For multiple-active CG configurations, Option 1 results in much less DL control signaling overhead compared to Option 2 and does not require independent TPC loops for the UE simplifying UE implementation.
Observation 3-5: For multiple-active CG configurations, Option 3 requires two independent DCIs (one for TPC, one for eMBB allocation) for enhanced TPC operation for CG PUSCH and gives less flexibility to the gNB to control unnecessary power boost (e.g. in case of minor overlap) compared to Options 1 & 2. In contrast to Options 1 & 2, Option 3 is using two completely different approaches for DG and CG PUSCH handling, which increases UE implementation complexity. 
Observation 3-6: For a UE, different open-loop parameter sets and TPC configurations for DG-PUSCH and for different CG-PUSCH configurations should be supported.
Proposal 3-3: Support Option 1, i.e. indication of open-loop parameter sets by DCI for DG and CG PUSCH, with the following details:

· For DG-PUSCH, an open-loop parameter set indicated to the UE by scheduling DCI without using SRI is applied to the scheduled transmission

· For a CG-PUSCH, an open-loop parameter set is indicated to the UE by a configured bit in group common DCI format 2_2

· Support separate configuration of the bit location within DCI format 2_2 for different CG configurations of a UE 

· For a UE, the open-loop parameter sets for DG-PUSCH and CG-PUSCH as well as different CG configurations can be different (i.e. support separate configuration
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