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1 Introduction
[bookmark: _Hlk521077063][bookmark: _Hlk16257746]In previous RAN1 meetings, 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, the following agreements were reached for the design of group common cancelation indication:
Agreements:
· Regarding UL CI monitoring, support the following:
· A new RNTI (e.g. CI-RNTI) is used for UL CI
· FFS: Monitoring periodicity larger than [5] slot is not supported for UL CI  
· The aggregation level(s) and the number of PDCCH candidates configured by RRC 
· FFS possible restrictions, e.g., the ones associated with SFI 
Agreements:
· The reference time region where a detected UL CI is applicable is determined by the following:
· The reference time region starts from X symbols after the ending symbol of the PDCCH CORESET carrying the UL CI, where X is at least equal to the minimum processing time for UL cancelation
· FFS X can be configured to be larger than the minimum processing time for UL cancelation
· The duration of the reference time region is configured by RRC
· FFS Possible values 
· FFS DL symbols are excluded from the reference time region  
Agreements:
· The reference frequency region where a detected UL CI is applicable is configured by RRC
Agreements:
Support the following for UL CI
· Each UL cancelation indicator per serving cell has a RRC configurable field size of  X bits 
· One value of X is 14
· FFS other values (e.g. X can be N (N>0) times of 7) 
· The time domain granularity for the reference time region is configured by RRC
· FFS the possible values (e.g. the time region can be divided into [1],[2],[4],[7],[14],…portions)
· FFS valid configurations according to the duration of the time reference region
· The frequency domain granularity is determined based on the configured time domain granularity and the configured bit field size of each indicator
· The time and frequency resource for cancellation is jointly indicated by a 2D-bitmap (i.e. similar as DL PI) over the time and frequency partitions within the reference region
· FFS dynamic 2D-bitmap
In this contribution, we will further discuss UE specific DCI for UL cancelation indication and the design of group common uplink cancelation indication. 
2 Discussion on UL cancelation 
2.1 UE specific DCI for UL cancelation indication
It was agreed in the RAN1 #97 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.
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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. 
If UE specific DCI, at least the UL grant scheduling retransmissions is used as UL cancelation indication, the following restrictions (TS 38.214 6.1) in Release 15 should be relaxed and if UE is scheduled to transmit another PUSCH by DCI format 0_0 or 0_1 scrambled by C-RNTI or MCS-C-RNTI for a given HARQ process before the end of the expected transmission of the last PUSCH for that HARQ process, the UE does not transmit the last PUSCH and follows the UL grant to transmit the latest scheduled PUSCH for that HARQ process.
TS 38.214 section 6.1
The UE is not expected to be scheduled to transmit another PUSCH by DCI format 0_0 or 0_1 scrambled by C-RNTI or MCS-C-RNTI for a given HARQ process until after the end of the expected transmission of the last PUSCH for that HARQ process.
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 transmissions with the same HARQ process as the UL grant scheduling retransmissions.
[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 UE specific DCI includes both precise cancelation indication and re-scheduling information, the UE could 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 Design details of UL cancellation indication
In this section, we discuss some design details of UL CI.
Upper limit of monitoring periodicity
Whether to set an upper limit on monitoring periodicity has been discussed in last meeting. The main consideration comes from the latency requirement and fast scheduling for URLLC. In our understanding, the upper limit may not be needed. On one hand, it has agreed that the duration of reference time region is RRC-configured, which is not related to monitoring periodicity. gNB could tradeoff the signaling overhead and indication granularity by proper configuration of reference region. On the other hand, the monitoring periodicity shall relate to the TDD configuration of the network. Setting a tight limit, like 2-slot, is not friendly for some TDD configurations, e.g., DSUUU for UL-heavy scenario or DDDSU for DL-heavy scenario. One possible motivation of larger monitoring periodicity may be further reducing power consumption of PDCCH monitoring, because in TDD, last DL slot is usually the slot convey UL CI and UE could be configured not monitoring UL CI on other DL slot. If the motivation is identified and upper limit of monitoring periodicity is defined, we prefer that upper limit is at least 5, furthermore 10 or 20 could also be considered.
Observation 4: The necessity of setting an upper limit on monitoring periodicity for UL CI is not clear.
Proposal 5: Consider removing the restriction on maximum monitoring periodicity for UL CI. If not, the upper limit shall take 5-slot as starting point.
Configuration of reference time region
This issue contains two aspects, the starting position and duration of reference time region. A remaining FFS on starting position is whether the gap value X can be configured to be larger than the minimum processing time for UL CI. In our consideration, gap value X could be treated as K2 indicating from which slot the UL CI applied. A potential advantage of a gap value X larger than minimum processing time would be that, the duration of reference time region could be narrowed down under certain TDD configuration, which could reduce UL CI overhead or avoid unnecessary resource waste with a finer granularity. 
A simple illustration is given in Figure 3. The TDD configuration is “DSUUU” and slot format for S is “DDDFUUUUUUUUUU” (#36 defined in 38.213). The subcarrier spacing is configured as 60kHz. In the figure, the gNB sends a UL grant to a URLLC UE at the beginning of 2nd slot and simultaneously sends the UL CI to eMBB UEs. The URLLC transmission occurs at the beginning of the 5th slot with a duration of 6 symbols (which still satisfies the 1ms latency requirement). In last meeting, it has agreed that UE processing time for UL CI is based on N2 (cap#2) defined in Rel-15, i.e., 11 symbols under 60kHz SCS. Thus, the reference time region starts from the beginning of 3rd slot when gap value X equals to minimum processing time. Under this case, the duration of reference time region shall at least contain 35 symbols to cover the entire part of URLLC traffic. If a granularity of 4-symbol is applied, the UL CI overhead is at least 9-bit and would cause 2-symbol resource wasting. If a gap value X larger than minimum processing time is allowed, the gNB could configure the reference time region starting at the beginning of 4th slot, and then the UL CI overhead could be reduced to 5-bit, or the gNB could configure a finer granularity of 2-symbol to avoid the unnecessary resource wasting with only 1 additional bit.


Figure 3: Illustration of reference time region for UL CI
Proposal 6: Support gap value X can be configured to be larger than the minimum processing time for UL CI.
The remaining FFS on duration of reference time region is the value set. Considering the example shown above, the maximum value shall support such UL-heavy scenario. Thus, we propose the possible values can be {2OS, 4OS, 7OS, 14OS, 28OS, 42OS, 56OS} as starting point. Note that, it is up to gNB to coordinately configure the gap value X and duration of reference time region to fit the TDD configuration such that entire UL part could be covered.
Proposal 7: The possible values of duration of reference time region can be {2OS, 4OS, 7OS, 14OS, 28OS, 42OS, 56OS} as starting point.
Once the reference time region is determined, it is natural to exclude the invalid symbols for UL transmission. The rule could be similar as DL preemption indication defined in Rel-15, i.e., if the UE is provided tdd-DL-UL-ConfigurationCommon, symbols indicated as downlink by tdd-DL-UL-ConfigurationCommon shall be excluded from the reference time region.
Proposal 8: Symbol indicated as downlink by tdd-DL-UL-ConfigurationCommon (if configured) shall be excluded from the reference time region.
Blind detection of UL CI
Consider the processing timing requirement of UL CI, a single aggregation level and limited number of PDCCH candidate could be configured, similar as dynamic SFI. Meanwhile, to ensure the reliability, a higher aggregation level like AL8 or AL16 is preferred.
Proposal 9: For UL CI, a single aggregation level, either AL8 or AL16, and up to 2 PDCCH candidates under given AL are configured.
In addition to the AL and number of PDCCH candidates, DCI size of UL CI should also be considered. In our understanding, it is beneficial to have other X values (bits of each UL CI per serving cell) besides 14-bit. Limiting a single DCI size would be too restrictive on time granularity and would further restrict gNB scheduling, especially gNB needs to avoid cancelling PRACH, PUCCH and perhaps the UCI multiplexed on PUSCH (elaborated in section 2.3). Considering the duration of reference time region can be RRC configured, a proper X value could also be RRC configured to balance the signaling overhead and indication granularity. A value set of multiple times of 7 can be starting point. However, a maximum value could be defined to limit the total payload size of UL CI.
Proposal 10: Support more than one X values for each UL CI field size per serving cell. The actual value of X is RRC configured. The maximum value of X could align with maximum size of DCI format 2-0/2-1.
2.3 Cancellation of PUSCH multiplexed with UCI
On cancellation of PUSCH, another issue that needs to be considered is, whether the UCI multiplexed on the PUSCH can be cancelled by UL cancellation indication. 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). Thence, the OFDM symbols in the PUSCH that multiplexed with UCI can be protected from cancellation by proper scheduling on gNB side. To support this functionality, a finer granularity of time domain UL cancellation indication, either symbol-level or sub-slot level, is needed to explicitly indicate the UE whether and/or which part of the PUSCH has been cancelled.
Observation 5: The OFDM symbols in the PUSCH that multiplexed with UCI could be protected from cancellation via gNB scheduling. Finer granularity for UL cancellation indication in time domain may be needed.
In practice, URLLC traffic would occupy a large chunk of PRBs to ensure the reliability and latency, and thus may overlap with multiple eMBB PUSCHs. Although protecting multiplexed UCI from being cancelled is more preferred as analyzed in section 2.2, coordinating all these PUSCHs to avoid cancelling multiplexed UCI definitely complicates and restricts the gNB scheduling, sometimes even impossible. Thus, allowing cancellation on OFDM symbols multiplexed with UCI is beneficial to achieve sufficient gNB scheduling flexibility. 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. This may impact the advance timing of cancellation indication 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 un-cancelled PUSCH symbols following the same UCI multiplexing rule. This has less influence on cancellation timing since UE can directly delay the generated DMRS and data symbols, and does not have phase discontinuity issue as “stop with resume”. The detailed design on this issue could be further studied.
[bookmark: _Hlk16868118]Proposal 11: Further study the design to transmit UCI when the UCI multiplexed in PUSCH has been cancelled.
3 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 signaling 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.
Observation 4: The necessity of setting an upper limit on monitoring periodicity for UL CI is not clear.
Proposal 5: Consider removing the restriction on maximum monitoring periodicity for UL CI. If not, the upper limit shall take 5-slot as starting point.
Proposal 6: Support gap value X can be configured to be larger than the minimum processing time for UL CI.
Proposal 7: The possible values of duration of reference time region can be {2OS, 4OS, 7OS, 14OS, 28OS, 42OS, 56OS} as starting point.
Proposal 8: Symbol indicated as downlink by tdd-DL-UL-ConfigurationCommon (if configured) shall be excluded from the reference time region.
Proposal 9: For UL CI, a single aggregation level, either AL8 or AL16, and up to 2 PDCCH candidates under given AL are configured.
Proposal 10: Support more than one X values for each UL CI field size per serving cell. The actual value of X is RRC configured. The maximum value of X could align with maximum size of DCI format 2-0/2-1.
Observation 5: The OFDM symbols in the PUSCH that multiplexed with UCI could be protected from cancellation via gNB scheduling. Finer granularity for UL cancellation indication in time domain may be needed.
Proposal 11: Further study the design to transmit UCI when the UCI multiplexed in PUSCH has been cancelled.
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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
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