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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. From RAN1#96, many agreements were captured in R1-1903401 and R1-1903699. Additional link- and system-level simulation results were captured in TR38.824 section 7.1 “performance evaluation”. 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)  
Given the above, we present further components 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
In the following, we present proposals related to different dimensions of the uplink preemption solution.
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. 
Proposal 2-1: In addition to indicating the PUSCH suspend, the uplink preemption indication message can also indicate the duration of the suspend / start of resume operation. This corresponds to signaling the puncturing of part of the ongoing PUSCH transmission. 
2.1 Means of signalling uplink pre-emption
The text in the TR mentions group common (GC) and UE-specific DCI/PDCCH as well as GC or UE-specific sequence based signaling solutions. 

For the sequence-based solutions, uplink preemption (suspend) is indicated if this sequence is detected. The absence of this sequence indicates no uplink pre-emption. This solution may be realized as a sequence similar to e.g. a Wake-Up Signal (WUS). This solution supports “suspend” in its simplest form of single-bit indication for a UE to stop its transmission. But, it does not allow to indicate which time-frequency resources to mute an ongoing scheduled transmission. Hence, the sequence-based solution does not easily support uplink preemption indication that includes both suspend and resume. The advantage though, is potentially lighter UE processing with no impact on PDCCH BDs/CCEs. On the other hand, this requires the specification of an uplink preemption sequence monitoring occasion as well as some resource mapping where the UE would monitor for the sequence. It also creates more resource fragmentation in the system because the resources for the sequences need to be separately allocated, instead of being part of the regular search space/CORESET. Besides the higher expected specification effort of this solution compared to DCI based solutions, the missing flexibility in terms of indicating the exact timing of suspend and the ability to indicate resume is seen as the major drawback. 
Observation 2-1: Sequence based indication of dynamic uplink preemption requires higher specification effort, has limited flexibility for the network to indicate the exact timing of suspend and does not easily support resume indication. 
Therefore, we suggest the uplink preemption indication to be based on PDCCH/DCI signaling. 

The idea behind GC PDCCH for uplink preemption indication is in line with the corresponding downlink solution for signaling of interrupted DL transmission indication. It offers a compact method for signaling of uplink preemption indication. It allows including information on which time(-frequency) resources to suspend the uplink transmission. In Figure 1, we show the intended operation for two cases, where the gNB in the first case (a) informs the UE when to suspend its transmission and when to resume and in (b) the case where the gNB indicates the timing of the suspend but indicates the UE to not resume its transmission. The additional overhead from including also the resume is rated to be marginal.
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Figure 1: (a) GC-DCI indicating suspend and resume; (b) GC-DCI indicates suspend but not to resume.
For UE-specific DCI / PDCCH for uplink preemption indication, two different operation modes have been identified based on other companies’ contributions:

· Option 1: UE-specific DCI is used to both indicate uplink preemption (suspend) and potential resume of the suspended PUSCH transmission. The difference between UE-specific DCI Option 1 and GC-PDCCH signaling is only the signaling method of the suspend and resume signaling and therefore the operation of Fig. 1 is applicable by just replacing GC-DCI with UE-specific DCI. The same flexibility is provided but in case more than one UE is to be signaled the required PUSCH preemption, the DL control overhead will be larger than if using GC-PDCCH for the same purpose. 
· Option 2: UE-specific DCI is used to both indicate uplink preemption (suspend) and scheduling of the corresponding uplink HARQ retransmission using legacy UL grants. The UE interprets an uplink scheduling grant for a HARQ process where the UE have an ongoing transmission as “uplink suspend + sending HARQ retransmission” in case of a temporal overlap of the initial scheduled PUSCH and the scheduled re-Tx PUSCH. The timing of the suspend is not indicated implicitly and therefore, the alternatives for the suspend timing are either as soon as the UE decoded the respective uplink grant (but latest given by N2) or defined by N2 directly. Therefore, the timing of suspend is directly related to the timing of the new UL re-transmission grant and therefore, the UE may suspend earlier than required considering the overlapping URLLC PUSCH as shown in Figure 2. 
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Fig. 2: Option 2 - UE-specific uplink preemption indication based on a new (overlapping) UL grant. 

This operation (Option 2) has another problem. If the suspension is towards the end of a PUSCH transmission, it is not possible for the re-transmission UL grant to indicate resources that overlap with the previous PUSCH transmission, which means Option 2 does not work for this case. However, we cannot simply extend the implicit preemption indication operation to also cover the re-transmission UL grant indicating non-overlapping resources. There may be valid cases like this without involving UL preemption. For example, RAN1 also discussed to support UL re-transmission through an uplink grant indicating a PUSCH transmission immediately following the previous PUSCH transmission (i.e. Option 3 for cross-slot boundary operation). Then it becomes impossible for the UE to determine the suspension based on the implicit timing as shown in Figure 3. Therefore, we think that explicit indication of the timing of suspension and resuming is needed. 
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Fig. 3: New UL grant scheduling re-transmission following the initially scheduled PUSCH: Suspend or not?

· Option 3: A UE-specific DCI is used to indicate the suspension of the ongoing transmission to the UE (including the explicit timing of the suspension). The potential resuming by means of a new, independent UL grant needs to be issued independently. This is shown in Fig. 4, where the UE-specific preemption DCI is denoted with UE-DCI. 
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Fig. 4: Option 3 - UE-specific DCI to indicate the eMBB PUSCH suspension and independent UL grant to indicate the re-transmission. 
Comparing now the options laid out using PDCCH signaling, the different options have their own pros and cons: 
· GC PDCCH/DCI signaling provides compact, low overhead signaling to indicate the exact timing of punctured resources (suspend and resume) of the ongoing transmission (incl. signaling to not resume). Adaptations of DCI Format 2-1 or a new DCI format will be needed (specs impact).

· UE-specific DCI Option 1 indicating the exact timing of suspend and resume of the initial transmission (incl. signaling to not resume) provides the same flexibility as with GC PDCCH signaling but with higher DL control overhead for a serving cell. New interpretation of the existing fields in DCI Formats 0_0/0_1 or a new DCI format will be needed (specs impact). As no advantages but only drawbacks compared to GC PDCCH/DCI signaling are identified, this option is not considered further. 
· UE-specific re-transmission grant used for implicit resume signaling provides the option to schedule a re-transmission of the suspended transmission (UE-specific Option 2). The suspension is implicitly derived by the timing of the UL grant reception but the rules for the suspension need to be defined (specs impact). Some issues with the rules mentioned by other companies’ contributions (i.e. non-overlap with initial transmission) have been identified. 

· Combination of a UE-specific DCI for suspend signaling and another UL grant for re-transmission signaling (UE-specific Option 3), has the highest DL control overhead of the three options (2 DCIs needed for each UE in case resume is intended). Especially, it is very inefficient to use UE-specific DCI just for the matter of indication the suspension where also GC-DCI could be basically used for the same purpose to indicate the suspend message to several UEs. The interpretation of the fields of UL grants to indicate suspension needs clarification (specs impact). 
Looking at the analysis above, one could also consider (a) the combination of GC-DCI signaling for suspend and resume of the ongoing eMBB transmission – and (b) if the gNB decides not to resume the transmission of the eMBB PUSCH transmission, apply an UL grant to schedule the re-transmission potentially already before the end of the first scheduled / pre-empted PUSCH. This is illustrated in Figure 5 (a) and (b) below. 
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Figure 5: Enable combination of GC-DCI for pre-emption signaling and UL grant-based re-Tx.

 
This combination provides the low(est)-overhead GC-DCI for suspend & resume operation of the initial PDSCH shown in Fig. 5a. If the gNB intends not to resume the initial transmission but prefers to schedule a re-transmission of the full TB, the GC-DCI is used to indicate to suspend the transmission at the indicated time and an UL grant can be used to schedule a re-transmission (starting before the end of the initial eMBB PUSCH as shown in Fig. 5b or later). The possible operation of Fig. 5b compared to Option 2 UE-specific grant only is given by the ability to explicitly indicate the timing of the suspending (and if to resume as to solve the problem illustrated in Fig. 3) by GC-DCI signaling. Compared to UE-specific DCI operation of Option 3, the combination of GC and UE-specific DCI provides clearly lower overhead of the suspend signaling (as noted above) and in addition provides the option for the gNB to instruct the UE to simply resume the initial transmission without the need for an additional UL grant. 
Given the discussion above, we propose to have uplink preemption indication standardized using group common DCI signaling. That solution offers the possibility to efficiently inform affected UEs when to suspend its transmission and whether/when to resume the transmission of the eMBB PUSCH transmission. Note that similar approach is adopted for NR Rel-15 downlink preemptive scheduling, where also group common DCI is used for signaling interrupted transmission indication to UEs. To further optimize the required effort by the UE for monitoring for uplink preemption indications, the PDCCH carrying this information may be configured with reduced number of search space candidates. In addition, RAN1 may enable the re-transmission signaling of the same HARQ-ID using an UL grant indicating the start of the PUSCH to be earlier then the end of the initially scheduled (pre-empted and not resumed) PUSCH transmission.

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). 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, as there might be some time-offsets and in some cases it may be desirable/required that the start of the puncturing of the eMBB user(s) happen N2+X symbols after the uplink preemption indication, we suggest including 2-3 bits for expressing X. 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 sub-bands (groups of PRBs) shall be punctured (and thus naturally, only UEs in the cells transmitting on those resources will be affected) and therefore some type of bitmap (similar to Type-0 RA) could be used for groups of PRBs for puncturing. In designing this, it should be kept in mind that URLLC transmissions (despite their modest payloads) are typically send with mini-slot TTI sizes (say e.g. 2-symbols) and over bandwidths of several MHz. Multiple eMBB users in a cell may therefore be subject to puncturing of their scheduled uplink transmission resources, and therefore use of GC-DCI signaling is an attractive solution (as compared to UE-specific DCI of uplink preemption indication to multiple users). 

Proposal 2-2: For 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 N2+X symbols after the GC-DCI reception and X is dynamically indicated in the GC-DCI. Number of bits to indicate X in GC-DCI is FFS.

· 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 is FFS.
· Groups of PRBs to be punctured are dynamically indicated in the GC-DCI. Number of bits to indicate groups of PRBs and the related PRB grouping are FFS.
Proposal 2-3: The UE should be able to perform a scheduled re-transmission of the HARQ process starting before the end of the initially scheduled PUSCH if the GC-DCI indicated eMBB PUSCH suspend only. 
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)

Looking at the first alternative of different TPC parameter sets, 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. Therefore, we concentrate our further discussions on different P0 for the option of different TPC parameter sets in this contribution. As the indication of having a (potential) collision or not with eMBB data on the channel is independent of any other UE specific signaling, one additional signaling bit would be required. 
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.  
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 and add two additional values ±x and ±y on top of the existing TPC values. 
· 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, keeping the 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, 3bit TPC commands to enable the increased TPC range seem more feasible.     
Now comparing the two options (both having an additional signaling overhead of 1bit compared to Rel-15, 3bit TPC versus 2bit TPC + 1bit TPC parameter selection), one should look at the provided signaling options there. For the different TPC parameter sets, it is basically only possible to select between two P0 values – meaning having a single ‘power boosting factor supported’ (as discussed above). In contrast, for the larger TPC range approach, the one additional bit for TPC buys you for the accumulated TPC two possible additional power boosting values (x & y as discussed above) and in principle for absolute power control 4 additional power boosting states (4 values larger than the current 4dB) could be supported. Therefore, we see the TPC range solution in general to be of advantage compared to different power control parameter sets for URLLC UEs to dynamically boost the power in case of UL-SCH collision. 

Observation 3-4: For the same additional signaling overhead of 1bit, the increased TPC range option provides more flexibility in the number of power boosting options compared to the different TPC parameter set alternatives. 
Proposal 3-1: Support an increased TPC range for URLLC UEs through 3bit dynamic TPC signaling, by defining additional entries on top of the current TPC values. 
· For accumulated TPC operation, support in additional the entries ±x, ±y. x & y are FFS. 

· For absolute TPC operation, support 4 additional entries larger than +4dB. Detailed values are FFS. 

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:

· Proposal 2-1: In addition to indicating the PUSCH suspend, the uplink preemption indication message can also indicate the duration of the suspend / start of resume operation. This corresponds to signaling the puncturing of part of the ongoing PUSCH transmission. 
· Observation 2-1: Sequence based indication of dynamic uplink preemption requires higher specification effort, has limited flexibility for the network to indicate the exact timing of suspend and does not easily support resume indication. 
· Proposal 2-2: For 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 N2+X symbols after the GC-DCI reception and X is dynamically indicated in the GC-DCI. Number of bits to indicate X in GC-DCI is FFS.

· 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 is FFS.

· Groups of PRBs to be punctured are dynamically indicated in the GC-DCI. Number of bits to indicate groups of PRBs and the related PRB grouping are FFS.
· Proposal 2-3: The UE should be able to perform a scheduled re-transmission of the HARQ process starting before the end of the initially scheduled PUSCH if the GC-DCI indicated eMBB PUSCH suspend only. 
Based on the discussions on TPC enhancements, the following can be noted: 

· 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.  

· 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, keeping the 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, 3bit TPC commands to enable the increased TPC range seem more feasible.     

· Observation 3-4: For the same additional signaling overhead of 1bit, the increased TPC range option provides more flexibility in the number of power boosting options compared to the different TPC parameter set alternatives. 

· Proposal 3-1: Support an increased TPC range for URLLC UEs through 3bit dynamic TPC signaling, by defining additional entries on top of the current TPC values. 

· For accumulated TPC operation, support in additional the entries ±x, ±y. x & y are FFS. 

· For absolute TPC operation, support 4 additional entries larger than +4dB. Detailed values are FFS. 
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