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1 Introduction
[bookmark: _Hlk521077063][bookmark: _Hlk16257746]In RAN1 #97 meeting, it was agreed to support at least group common DCI for cancelation indication, whether to additionally support UE-specific DCI should be further studied:
Agreements:
· Support at least group common DCI for cancelation indication
· FFS whether or not to additionally support UE-specific DCI for cancelation indication  
In addition, some conclusions for power control scheme are reached as follows:
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
In this contribution, we will further discuss UE specific DCI for UL cancelation indication and candidate schemes of UL power control. 
2 Discussion on UL cancelation 
2.1 UE specific DCI for UL cancelation indication
It was agreed in the last RAN1 meeting to support at least group common DCI for cancelation indication, whether to additionally support UE-specific DCI should be further studied. Below we give our analysis and preference:
1) [bookmark: _Hlk16263468]Group common DCI without UE specific beamforming cannot satisfy the reliability requirement for cell-edge users within non-overlapped CCEs limitation per slot:
Generally speaking, group common DCI for UL cancelation indication will target for multiple users and hence UE specific beamforming cannot be used which will result in more required CCEs. Based on the simulation assumptions in appendix, we perform link level simulations to study the PDCCH BLER performance with wide beam and UE specific beamforming. From the simulation results shown in Figure. 1 we can see that 16 CCEs with wide beam and 8 CCE with UE specific beamforming are needed for cell-edge users to satisfy 1e-5 reliability performance, and 8 CCE with UE specific beamforming outperforms around 2.2 dB comparing with 16 CCEs with wide beam.
[image: ]
Figure 1: GC-PDCCH performance with wide beam and UE specific beamforming
The maximum of non-overlapped CCEs per slot for a DL BWP for a single serving cell is concluded as table 1. Assuming that 7 PDCCH monitoring span is included in a slot, thus the total number of non-overlapped CCEs per slot will be at least 7*16=112 which largely exceeds the CCE limits if 16 CCEs are used per PDCCH. However, if group common DCI with UE specific beamforming is applied, 8 CCEs per PDCCH could meet the reliability requirement for cell-edge users and the total number of non-overlapped CCEs per slot will be at least 7*8=56, hence the CCE limits and corresponding UE capability needn’t to be enhanced for SCS = 15kHz or 30kHz. 


Table 1. Maximum number  of non-overlapped CCEs per slot for a DL BWP with SCS configuration  for a single serving cell
	

	
Maximum number of non-overlapped CCEs per slot and per serving cell 

	0
	56

	1
	56

	2
	48

	3
	32


Observation 1: Group common DCI without UE specific beamforming cannot satisfy the reliability requirement for cell-edge users within non-overlapped CCEs limitation per slot.
2) [bookmark: _Hlk16263514]Group common DCI with UE specific beamforming will cause extra signalling overhead
Surely group common DCI can use UE specific beamforming and fallback to UE specific DCI with some scheduling limitations, i.e. different RNTIs are configured to different UEs. However, assuming that N eMBB UEs need to be cancelled for their uplink transmissions, N group common DCIs with UE specific beamforming would be transmitted since that different UE is in different direction and configured different RNTI. Moreover, it has been agreed that upon detecting an UL cancelation indication, at least stop without resuming is supported. This means once eMBB UE detects the cancelation indication, all of remaining transmissions would be stopped even if only partial resources are pre-empted by URLLC transmission. This would significantly decrease the demodulation performance of eMBB and hence retransmission is needed naturally. As a result, besides N group common DCIs with UE specific beamforming for UL cancelation indication, another N UL grants scheduling retransmissions would be needed which causes extra signalling overhead. 
Furthermore, in order not to complicate UE implementation, the total number of different DCI sizes configured to be monitored is limited to no more than 4 in the cell and the total number of different DCI sizes with C-RNTI is no more than 3 in Rel-15. Therefore, the group common DCI size needs to be aligned with DCI format 2_0/2_1 or fallback DCI in order not to increase UE blind decoding capability. Therefore, the signalling overhead of N group common DCIs is equal to the N UE specific DCIs if fallback DCI is used and the N UL grants scheduling retransmissions would be the additional overhead comparing to joint cancellation indication and retransmission scheduling based on UE specific DCI.
Observation 2: Group common DCI with UE specific beamforming will cause extra signalling overhead.
Therefore, we can conclude that group common DCI cannot simultaneously achieve high reliability and low signalling overhead. However, UE specific DCI can perfectly solve these problems, e.g. by using DCI format 0_0 for re-scheduling of the pre-empted eMBB transmission in cell edge and by using DCI format 0_1 for re-scheduling of the pre-empted eMBB transmission in cell centre. In this way, high reliability and low signalling overhead can be satisfied at the same time.
Observation 3: Group common DCI cannot simultaneously achieve high reliability, non-overlapped CCEs limitation per slot and low signalling overhead for cell-edge UEs.
Proposal 1: UE specific DCI should be additionally supported for UL cancelation indication. 
Based on the above discussions, the following options are preferred:
Option 1: UL grant scheduling retransmissions serves as the UL cancelation indication.
In this way, once UE receives an UL grant scheduling retransmission of the TB, it would stop transmission of the earlier scheduled TB and re-transmit the TB on the indicated resources if some conditions are satisfied. The timeline of re-transmission grant could be aligned with option 2 discussed below. This solution is simple with minimum standardization effort and does not increase DCI size budget. This option could be used for DCI format 0-0 based UL grant which is sensitive for DCI size. 
Proposal 2: UL grant scheduling retransmissions, at least based on DCI format 0_0, could serve as the UL cancelation indication, and UE cancels all the earlier scheduled resources.
[bookmark: _Hlk4420899]Option 2: UE specific DCI combines both cancelation indication and re-scheduling information.
However, option 1 means that if partial or whole resource of eMBB transmission is pre-empted by URLLC transmission, the whole TB would be retransmitted, leading to low resource utilization. If stop with resuming is supported, it would be better to use UE specific DCI combining both precise cancelation indication and re-scheduling information. This means once UE receives the DCI, it would cancel the indicated part of the earlier transmissions and re-transmit the pre-empted part of TB/CBG(s) on the indicated resources.
As for this option, the timeline of the DCI should be specified firstly. If the first uplink symbol of the pre-empted physical resource which is indicated by the DCI, starts no earlier than at symbol L3 then the UE shall not transmit on the pre-empted physical resource, and transmit on the physical resources assigned by the DCI, where L3 is defined as the next uplink symbol with its CP starting after Tproc,3 after the end of the last symbol of the DCI. The Tproc,3 should be equal or shorter than N2 symbols defined in Rel-15 UE capability #2.
Once the eMBB UE detects the DCI for the same TB (same HARQ process ID and NDI togged) and the above conditions are satisfied, the eMBB UE would cancel the transmission on the pre-empted physical resource and transmit on the retransmission physical resources, where pre-empted physical resource and retransmission physical resources are both indicated by the DCI. As illustrates in Figure 2, gNB delivers a UL grant in slot n to schedule UE1 to transmit eMBB data in slot n+3. And then gNB finds that a URLLC packet arrives in UE2 based on SR received in slot n-1, in order to guarantee the latency requirement of URLLC data, gNB generates a UL grant for UE2 in slot n+1 to schedule URLLC data transmitting in slot n+3 as well. The assigned resource for eMBB UE in slot n+3 is symbol #2~#13, while symbol #2~#5 are reassigned to URLLC UE. In this case, gNB would deliver the DCI to eMBB UE to cancel the partial transmission in slot n+3 (symbol #2~#5) and schedule retransmissions in later slot such as symbol #2~#5 in slot n+4. 
The pre-empted resource can be indicated explicitly in the DCI or determined implicitly by the resource for retransmission, such as the symbol/PRB allocation of the pre-empted resource and the retransmission resource is the same or with some symbol and PRB offset. Note that, option 1 could be regarded as a special case of option 2, i.e. in option 1, pre-empted resource is equal to original resource.


Figure 2: Workflow of the UL grant serving as UL cancelation indication
Proposal 3: UE specific DCI combining both cancelation indication and re-scheduling information could be used for UL cancelation.
[bookmark: _Hlk4421194]Proposal 4: If the first uplink symbol of the pre-empted physical resource which is indicated by the UE specific DCI, starts no earlier than at symbol L3 then the UE would cancel the transmission on the pre-empted physical resource, and transmit on the retransmission physical resources, where 
· L3 is defined as the next uplink symbol with its CP starting after Tproc,3 after the end of the last symbol of the DCI.
· pre-empted physical resource and retransmission physical resources are both indicated by the UE specific DCI.
2.2 Applicable UL transmission
A discussion point left in last RAN1 meeting on inter-UE multiplexing is as following:
	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


In general, we prefer that the uplink control channel, including dynamic, semi-persistent and periodic, shall be protected from cancellation via proper scheduling on gNB side. 
· First, in LTE, several edge PRBs of the system bandwidth in frequency domain are reserved for PUCCH transmission. In NR, although the frequency domain location of PUCCH is higher layer configured, the similar design as LTE can be inherited to avoid fragmented frequency resource and ensure a large chunk of continuous PRBs can be allocated for PUSCH. Under this case, the multiplexed transmission could be restrained to PUSCH region. 
· Second, cancelling PUCCH, especially the HARQ-ACK information for PDSCH, could induce severe system performance loss. Once failing to receive the HARQ-ACK information, the gNB shall retransmit all the PDSCHs corresponding to the cancelled HARQ-ACK(s), which brings a considerable waste of resource. For other types of UCI, like SR and semi-persistent/periodic CQI, the scheduling latency and performance would be impacted. 
Proposal 5: Uplink control channel, including dynamic, semi-persistent and periodic should be protected from cancellation.
2.3 Cancellation of PUSCH multiplexed with UCI
On cancellation of PUSCH, another issue that needs to be considered is, if UCI is multiplexed in the PUSCH, how to protect the UCI from being cancelled and what to do if the UCI has been cancelled. According to current specification, UCI mapping follows the rule of “frequency-first time-second”, starting on the first available non-DMRS symbol after the first DMRS symbol(s). Based on this, we consider that the OFDM symbols in the PUSCH that multiplexed with UCI should be protected from cancellation, at least for symbols multiplexed with HARQ-ACK. This could be achieved on gNB side by avoid scheduling URLLC traffic on these OFDM symbols. Under such case, a symbol-level or sub-slot level granularity of time domain UL cancellation indication is needed to explicitly indicate the UE whether and/or which part of the UCI has been cancelled.
Proposal 6: The OFDM symbols in the PUSCH that multiplexed with UCI could be protected from cancellation via gNB scheduling, at least for symbols multiplexed with HARQ-ACK.
If cancellation is allowed on OFDM symbols that multiplexed with UCI, then a following issue is what UE needs to do if the multiplexed UCI has been cancelled. One possible way is to allow the UE fallback to origin PUCCH resource to transmit UCI and abandon the PUSCH transmission in this slot. This may impact the cancellation timing since the UE needs additional processing time to re-prepare the PUCCH transmission after receiving the cancellation indication. Another way is to multiplex UCI on remaining PUSCH symbols following the same mapping rule. This seems to have less influence on cancellation timing since UE can directly delay the generated symbols but this may relate to the discussion on “stop with resume”. The detailed design on this issue should be further studied.
[bookmark: _Hlk16868118]Proposal 7: Further study the design when the UCI multiplexed in PUSCH has been cancelled.
3 Discussion on UL power control
It has been agreed that enhanced UL power control is considered as one potential enhancement for UL inter-UE Tx prioritization/multiplexing and it reached the conclusion that down-selection should be made from the three options in the introduction part:
Comparison between option 1 and option 2:
Generally speaking, open-loop parameter sets could achieve wider adjustment range than closed-loop parameters. As shown in appendix, P0 can be adjusted from -16dB to 15 dB while only 3dB and 4dB can be achieved for accumulated TPC and absolute TPC respectively. The current TPC range may be not capable to track the power boosting or decreasing and further the reliability requirements for URLLC transmissions may not be satisfied. Hence TPC range needs to be increased. One of the most straightforward ways is to add or modify the entities of the TPC table to enlarge the adjustment range. Simply modify the TPC table with wider range would decrease flexibility of closed-loop power control, so adding the TPC entries to 8 is more preferred. In addition, according to the formula for determining the transmission power of PUSCH, open-loop power control include both the adjustment of P0 and alpha with P0 coping with the change of absolute value while alpha coping with the pathloss. However, closed-loop power control can only add or minus a specific value to the transmission power which is similar with P0. Therefore, for DG-PUSCH, option 1 provide more flexibility for power adjustment with similar performance gain and almost same signaling overhead.


For CG-PUSCH, option 1 support indication of open-loop parameter set by a UE-specific field in group common DCI and hence at least 1 bit per serving cell would be needed to differentiate 2 open-loop parameter sets. While option 2 support indication of TPC with increased range also by a UE-specific field in group common DCI and hence 2 bits or 3 bits per serving cell would be needed for TPC adjustment. As a result, option 1 could achieve higher PDCCH reliability than option 2. In addition, option 1 provide more flexibility to separately adjust open-loop and closed-loop power control parameters compared to option 2. Therefore, option 1 shows more advantages towards saving signaling overhead and more flexibility. 
Observation 4: Option 1 is more preferred when comparing to option 2.
Comparison between option 1 and option 3:
[bookmark: _Hlk16759924][bookmark: _Hlk16760153]In option 3, for DG-PUSCH, either the solution from option 1 or option 2 is used and as discussed above, option 1 is more preferred. For CG-PUSCH, UE selects one open-loop parameter set based on the time/frequency resource indicated by a group common DCI. Naturally, the design of DL pre-emption indication would be the starting point and the DCI payload size is sensitive to the granularity of time/frequency resource. As an extreme case, only one bit per serving cell is used and all configured grant configurations in this serving cell would use one open-loop parameter set with higher power or lower power. In this case option 3 could achieve similar reliability with option 1 and essentially speaking, option 3 and option 1 will act as the same scheme. When finer granularity of time/frequency resource in option 3 is applied, the resource for power adjustment would be more accurate and more suitable if multiple URLLC UEs need to boost power. To achieve the same accuracy for power control, at most N GC-DCIs would be needed depending on the UE grouping method if N URLLC UEs need to apply power boosting. Alternatively, option 1 could save signaling overhead by introducing UE specific field for power adjustment in the group common DCI and hence fewer GC-DCIs would be needed. That is, option 1 and option 3 could achieve similar performance towards reliability and signaling overhead with some further design, i.e. make the granularity of time/frequency and DCI size configurable for GC-DCI in option 3 and introduce UE specific field in GC-DCI in option 1.
Observation 5: option 1 and option 3 could achieve similar performance towards reliability and signaling overhead with some further design, i.e. make the granularity of time/frequency and DCI size configurable for GC-DCI in option 3 and introduce UE specific field in GC-DCI in option 1.
Proposal 8: option 1 or option 3 is preferred with some further design:
· If option 1 is used, for CG-PUSCH, UE specific field should be introduced in GC-DCI to save signalling overhead in multi-user scenario;
· If option 3 is used, indication of open-loop parameter set by scheduling DCI without using SRI is supported for DG-PUSCH. For CG-PUSCH, the granularity of time/frequency and DCI size should be configurable to balance the PDCCH reliability for a specific user as well as system overhead.
4 Conclusion
In this contribution, we discussed the UE specific DCI for UL cancelation indication and candidate schemes of UL power control, the following proposals are made:
Observation 1: Group common DCI without UE specific beamforming cannot satisfy the reliability requirement for cell-edge users within non-overlapped CCEs limitation per slot.
Observation 2: Group common DCI with UE specific beamforming will cause extra signalling overhead.
Observation 3: Group common DCI cannot simultaneously achieve high reliability, non-overlapped CCEs limitation per slot and low signalling overhead for cell-edge UEs.
Proposal 1: UE specific DCI should be additionally supported for UL cancelation indication. 
Proposal 2: UL grant scheduling retransmissions, at least based on DCI format 0_0, could serve as the UL cancelation indication, and UE cancels all the earlier scheduled resources.
Proposal 3: UE specific DCI combining both cancelation indication and re-scheduling information could be used for UL cancelation.
Proposal 4: If the first uplink symbol of the pre-empted physical resource which is indicated by the UE specific DCI, starts no earlier than at symbol L3 then the UE would cancel the transmission on the pre-empted physical resource, and transmit on the retransmission physical resources, where 
· L3 is defined as the next uplink symbol with its CP starting after Tproc,3 after the end of the last symbol of the DCI.
· pre-empted physical resource and retransmission physical resources are both indicated by the UE specific DCI.
Proposal 5: Uplink control channel, including dynamic, semi-persistent and periodic should be protected from cancellation.
Proposal 6: The OFDM symbols in the PUSCH that multiplexed with UCI could be protected from cancellation via gNB scheduling, at least for symbols multiplexed with HARQ-ACK.
Proposal 7: Further study the design when the UCI multiplexed in PUSCH has been cancelled.
Observation 4: Option 1 is more preferred when comparing to option 2.
Observation 5: option 1 and option 3 could achieve similar performance towards reliability and signaling overhead with some further design, i.e. make the granularity of time/frequency and DCI size configurable for GC-DCI in option 3 and introduce UE specific field in GC-DCI in option 1.
Proposal 8: option 1 or option 3 is preferred with some further design:
· If option 1 is used, for CG-PUSCH, UE specific field should be introduced in GC-DCI to save signalling overhead in multi-user scenario;
· If option 3 is used, indication of open-loop parameter set by scheduling DCI without using SRI is supported for DG-PUSCH. For CG-PUSCH, the granularity of time/frequency and DCI size should be configurable to balance the PDCCH reliability for a specific user as well as system overhead.
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Appendix
Simulation assumptions:
	Parameters
	Value

	DCI payload (excluding 24bits CRC)
	40bits

	System bandwidth
	20MHz

	Carrier Frequency
	4GHz

	Number of symbols for CORESET
	2

	Subcarrier spacing
	30KHz

	Aggregation level
	8 for UE specific beamforming,16 for wide beam

	Transmission type
	Interleaved

	REG bundling size
	6

	Modulation 
	QPSK

	Channel coding
	Polar code (DCI)

	Transmission scheme
	1-port precoder cycling

	Channel estimation
	Realistic 

	Channel model
	CDL-C

	UE speed
	3 km/h

	Number of BS antennas
	8Tx

	Number of UE antennas
	4Rx for 4G

	Residual target BLER 
	10^-5



TS 38.331:
P0-PUSCH-AlphaSet ::=               SEQUENCE {
    p0-PUSCH-AlphaSetId                 P0-PUSCH-AlphaSetId,
    p0                                  INTEGER (-16..15)                                                           OPTIONAL, -- Need S
    alpha                               Alpha                                                                       OPTIONAL  -- Need S
}

TS 38.213:


Table 7.1.1-1: Mapping of TPC Command Field in DCI format 0_0, DCI format 0_1, or DCI format 2_2, with CRC scrambled by TPC-PUSCH-RNTI, or DCI format 2_3, to absolute and accumulated  values or  values 
	TPC Command Field 
	Accumulated [image: ] or [image: ] [dB]
	Absolute [image: ] or [image: ] [dB] 

	0
	-1
	-4

	1
	0
	-1

	2
	1
	1

	3
	3
	4
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