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Introduction
During the RAN1#98bis meeting, the following agreements were reached[1]. 
	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
· The DCI payload size for UL CI  is configured by RRC
· FFS possible values
Agreements:
· SRS can be cancelled by UL CI
· PUCCH cannot be cancelled by UL CI
· RACH related UL transmissions cannot be cancelled by UL CI, including MSG 1/3 in case of 4-step RACH, MSG A in case of 2-step RACH.
Agreements:
· Cross-carrier UL cancelation indication is supported using the same way as Rel-15 SFI/DL PI
· The indication field position in DCI for each cross-carrier indicated serving cell is configured by RRC
Agreements:
· Different UE processing time capability for UL CI (i.e. shorter or longer than T_proc2 for cap#2 UE) is not considered in Rel-16
· d2,1=0 also when DMRS and UL-SCH (for the PUSCH to be cancelled) are multiplexed in the 1st symbol
Agreements:
· In case of PUSCH repetitions, UL CI is applied to each repetition individually (actual repetition in case of Rel-16 PUSCH repetition) that overlaps with the resource (in time and frequency) indicated by UL CI.
[bookmark: OLE_LINK4]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 (e.g. 2OS, 4OS, 7OS, 14OS, 28OS?)
· [bookmark: OLE_LINK8]FFS DL symbols are excluded from the reference time region
[bookmark: OLE_LINK3]Agreements:
· The reference frequency region where a detected UL CI is applicable is configured by RRC
Agreements:
Support the following for UL CI
· [bookmark: OLE_LINK14]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
· [bookmark: OLE_LINK2]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
Agreements:
· For DG-PUSCH, one bit (separately from SRI) in UL grant is used to indicate the open loop power control parameter set 
· Introduce one new RRC parameter that contains one additional P0-PUSCH-Set per SRI
· The one bit indication is present in the UL grant when the above new RRC parameter is configured 
· If present, the one bit in the DCI is used to switch between the P0 value from the existing P0-PUSCH-AlphaSet and the P0 value from the newly configured P0-PUSCH-Set
Conclusion:
· No enhancement for CG-PUSCH power control in Rel-16 for inter-UE multiplexing



In this contribution, remaining details of UL cancelation mechanism and UL power control mechanism are described. 
Details of UL cancelation mechanism
Time/frequency resource indication methods
There are two types of methods with 2-D bitmap for time/frequency resource indication now. We summarize them as follows: 
· Option 1: Semi-static 2-D bitmap indication
· Option 2: Dynamic 2-D bitmap indication
For describing and comparing the above options, the maximum overhead of cancelation resource indication in UL CI is assumed as 28 bits, and the RUR is divided into 7 portions in time for example. 
· Option 1: Semi-static 2-D bitmap indication
·  Denote CM×N as semi-static 2-D bitmap for time and frequency domain indication, i.e., the RUR is divided into ‘M×N’ portions, each portion is indicated by a bit in the 2-D bitmap, wherein ‘M’, ‘N’ represent time domain granularity and frequency domain granularity respectively. Both of them are determined semi-statically. 


[bookmark: OLE_LINK10]Figure-1 Resource indicated by semi-static 2-D bitmap indication
The indication bits are allocated to each time domain occasion uniformly no matter whether the occasion contains cancelation resource or not. Then, only a relatively coarse granularity can be provided especially for frequency resource indication by this option. It will bring false cancelation in the frequency domain with a very high probability as shown in green box shown in Figure-1. 
Observation 1: For semi-static 2-D bitmap indication, the indication bits are allocated to each time domain occasion uniformly no matter whether the occasion contains cancelation resource or not, which may casue false cancelation at a higher probability.  
· Option 2: Dynamic 2-D bitmap indication
Instead of using the indication bits to indicate the frequency resource occupation uniformly for all time domain occasion, only the time domain occasions occupied by URLLC PUSCH is valid for further frequency indication in Option 2. Thus, the occupied time domain occasions are indicated firstly, and the time-frequency resource corresponding to the occupied time domain occasions is indicated by a 2-D bitmap in option 2. 
·  M bits are used for indicating which time domain occasions is occupied, where ‘M’ equals to number of occasions in time domain. 
· Cm×n is 2-D bitmap for frequency domain indication, i.e., the occupied time domain occasions are divided into ‘m×n’ portions, each portion is indicated by a bit in the 2-D bitmap, wherein ‘m’ represents number of occupied time domain occasions and ‘n’ represents frequency domain granularity. Both of them are determined according to the indication of M bits dynamically.. 


Figure-2 Resource indicated by dynamic 2-D bitmap indication
The overhead of this option is M+m×n. Under the example shown in Figure-2, M=7, n=10 and m=2, then the total bit-number is 7+2×10=27. Compared with option 1, this method can make the frequency domain indication granularity finer even with less number of bits (27bits vs 28bits). This could reduce the false cancellation probability for a better protection of eMBB PUSCH. As shown in Table-1, as long as the number of occupied time domain occasions is no more than 5, the minimum frequency domain indication granularity for each time domain occasion of option 2 is finer than that of option 1. 
Table-1 Minimum indication granularity with different number of the occupied time domain occasions
	Semi-static 2-D bitmap indication
	Number of the occupied time domain occasions
	1~7

	
	Frequency indication granularity
	1/4

	Dynamic 2-D bitmap indication
	Number of the occupied time domain occasions
	1
	2
	3
	4
	5
	6
	7

	
	Frequency indication granularity
	1/21
	≤1/10
	1/7
	≤1/5
	≤1/4
	≤1/3
	1/3



Observation 2: For the dynamic 2-D bitmap, a finer frequency domain indication granularity can be expected in most of cases compared to semi-static 2-D bitmap.
[bookmark: OLE_LINK11]To compare the above options under a typical scenario, the percentage of number of time domain occasions occupied by URLLC per RUR among all occupied RURs is evaluated via system-level simulation. The duration of RUR is set as 1 slot. Within each RUR, there are 7 time domain occasions, and each of them has 2 OFDM symbols. The simulation follows assumptions made in RAN1#95[2]. Some main parameters are set as follows: 10 URLLC UEs per cell under the scenario of power distribution. The data packet size is 100 bytes, and the traffic model is ftp model 3 with arrival interval 100 ms. The remaining details of simulation assumptions are listed in the appendix. The simulation results are showed in Table-2. 
Table-2 Statistics of time domain occasions occupied by URLLC under power distribution scenario
	Number of occasions occupied  by URLLC in a RUR
	Percentage(%)

	1
	62.32

	2
	26.09

	3
	8.74

	Above 3
	2.85



As show in Table-2, the number of occasions occupied by URLLC is relatively small. Most of occupied RURs contain no more than 3 occasions occupied by URLLC, which a finer frequency domain indication granularity can be expected in the dynamic 2-D bitmap. 
Based on the discussion above, we have the following proposal. 
Proposal 1: RAN1 should support dynamic 2-D bitmap method for UL cancelation resource indication.
· Occupied time domain occasions are indicated by bitmap firstly
· The time-frequency resource corresponding to the occupied time domain occasions is indicated by a 2-D bitmap dynamically.
Time domain configuration of reference uplink region
[bookmark: OLE_LINK6][bookmark: OLE_LINK9]In Rel-15, if the UE is provided tdd-UL-DL-ConfigurationCommon, symbols indicated as uplink by tdd-UL-DL-ConfigurationCommon are excluded from the RDR for avoiding unnecessary indication in downlink interrupted transmission indication. Similarly, the downlink symbols indicated by tdd-UL-DL-ConfigurationCommon should also be excluded from the reference uplink region(i.e. RUR) where a UL CI applies. 
Proposal 2: Downlink symbols indicated by tdd-UL-DL-ConfigurationCommon should be excluded from the reference uplink region. 
For RUR, the following two parameters should be defined in the time domain. 
· Starting point of RUR
· Duration of RUR
[bookmark: OLE_LINK5]It is agreed that the RUR 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. And FFS for whether X can be configured to be larger than the minimum processing time for UL cancelation. 
Considering TDD cases with a low DL ratio, both semi-static flexible and UL resource should be included in the RUR for potential PUSCH scheduling. Some companies concerned that there may be no DL symbols to transmit UL CI corresponding to some of semi-static flexible and UL resource if X can only equal to the minimum processing time for UL cancelation. 
Figure-3(a) gives a simple example, the RUR associated with the last UL CI in DL region is showed in purple dotted line box. Then, there will be no UL CI for indicating the last two UL slots. 
[image: ]
Figure-3 Starting time and duration of RUR in TDD
One way was proposed to configure X to be larger than the minimum processing time for UL cancelation, which is showed in Figure-3(b). The RUR is postponed two slots by configuring X to K for covering the end of UL region. But, on the other hand, the first two flexible/UL slots will be excluded from the RUR. Similarly, there will be no DL symbols to transmit UL CI corresponding to the first two slots. This way seems not fully solved the issue here. 
[bookmark: OLE_LINK7]Observation 3: It is not helpful to configure X to be larger than the minimum processing time for UL cancelation.
Another straightforward way is to define a large enough duration for RUR as shown in Figure-3(c). The RUR will then cover the whole flexible and UL region. The only thing needs to be done is to define some larger candidate values for RUR duration, which can be configured in TDD cases via RRC signalling. So we have the following proposal. 
Proposal 3: NR should at least support 28OS, 42OS and 56OS for duration of RUR. 
Accordingly, some larger bit field sizes for each UL cancelation indicator per serving cell are required for ensuring a sufficient accuracy of cancelation resource indication under the configuration of long RUR duration. In our view, except for the agreed 14bits, 21, 28bits and 35bits can be additionally supported. For instance, 14, 21 and 28 bits, out of 21, 28 and 35bits respectively, are used for time domain indication to accommodate the long RUR duration , and the remaining 7 bits are used for the 2-D bitmap dynamically.
Proposal 4: NR should at least support to configure X=21bits, 28bits and 35bits for bit field size of each UL cancelation indicator per serving cell in addition to X=14bits. 
Conditions for eMBB UE monitoring UL CI 
[bookmark: _GoBack]During RAN1#98 and RAN1#98bis meetings, conditions for eMBB UE monitoring UL CI were discussed. From our point of view, it is a straightforward way to define UL CIs corresponding with RURs in which the eMBB UL transmission located as valid UL CIs for monitoring. Each UL CI maps to a RUR, in which the scheduled resource of URLLC is indicated by the UL CI to eMBB UE. For example, upon detecting an UL CI on a PDCCH monitoring occasion, the time region of corresponding RUR starts from X symbols after the ending symbol of the PDCCH carrying the UL CI, where X is the minimum processing time for UL CI. So, as long as an UL transmission with or without associated PDCCH locates in one or more RURs, the eMBB UE should monitor all UL CIs corresponding with the one or more RURs. 
Figure-4 gives an example under the configuration of non-overlapping RURs. As shown in yellow box, scheduled eMBB PUSCH are overlapping with both RUR2 and RUR3. Then, UL CI2 and UL CI3 should be monitored by eMBB UE accordingly. 


Figure-4 Example of non-overlapping RURs
Figure-5 gives another example under the configuration of overlapping RURs. As shown in yellow box, scheduled eMBB PUSCH are overlapping with RUR1, RUR2 and RUR3. Then, according to the same rule, UL CI1, UL CI2 and UL CI3 should be monitored by eMBB UE accordingly. 
Considering energy conservation from UE perspective, another way can be considered for further reducing UL CI monitoring overhead. That is, a UE starts monitoring UL CI at the latest monitoring occasion ending no later than X symbols before the start of the UL transmission, and X is related to UL CI processing time. In this manner, CI2 in Figure-5 will be defined as the starting monitoring occasion for UL CI monitoring. And it is meaningless for defining the end of UL CI monitoring occasion as both UE and gNB know CI4 corresponding with a RUR have no overlapping with eMBB PUSCH. So CI3 will be determined as the last UL CI for monitoring naturally. Then, the UE is required to monitor CI2 and CI3 in total.


Figure-5 Example of overlapping RURs

Proposal 5: For both cases of UL transmission with and without associated PDCCH, the follow options of UL CI monitoring conditions should be further considered.
· Option1: A UE monitors UL CIs corresponding with RURs in which the eMBB UL transmission located;
· Option2: A UE starts monitoring UL CI at the latest monitoring occasion ending no later than X symbols before the start of the UL transmission, and X is related to UL CI processing time. 
Non-preempted resource after preempted range
Figure-6 gives an example of canceling an on-going eMBB UL transmission. The scheduling granularity for eMBB is typically set to slot level(e.g. 14OS). While for URLLC traffic, mini-slot(e.g. 2OS) scheduling as shown in red dotted box is used in order to achieve latency reduction. Then, the fifth and sixth symbols of eMBB transmission are preempted. One remaining issue is how to reuse the non-preempted resource after preempted range. 


Figure-6 Resuming issue of UL cancelation mechanism
It is obvious that resources efficiency of the preempted eMBB UE will be significantly influenced if only cancelation without resuming is supported. Then, generating a new TB by the preempted eMBB UE after receiving UL CI and transmitting it in the non-preempted resource can be considered as a way. There will be no phase continuity issue and performance influence to the preempted eMBB UE will be reduced to some extent. 
No new UL grant is needed for the new TB due to most grant information in the original UL grant can be reused. Some other fields, e.g. time/frequency domain resource allocation can be deduced from the original allocation and UL CI. 
Proposal 6: For improving resource efficiency, the preempted eMBB UE can generate a new TB and transmit it in the remaining resource without introducing a new UL grant. 
[bookmark: OLE_LINK13]Remaining issue of UL power control mechanism
During RAN1#98bis meeting, one new RRC parameter containing one additional P0-PUSCH-Set per SRI was agreed to be introduced for DG-PUSCH. And one bit (separately from SRI) in UL grant is used to switch between the P0 value from the existing P0-PUSCH-AlphaSet and the P0 value from the newly configured P0-PUSCH-Set. 
[bookmark: OLE_LINK1]If the PUSCH transmission is scheduled by a DCI format that does not include a SRI field, or if SRI-PUSCH-PowerControl is not provided to the UE, and if the DCI format also includes a P0-PUSCH field and a value of the P0-PUSCH field is ‘1’(corresponding to prioritization case), which value of P0 from P0-PUSCH-Set should be used for determining the transmission power is a remaining issue to be addressed. 
In current P0-PUSCH-AlphaSet determination under cases of a DCI format that does not include a SRI field, or SRI-PUSCH-PowerControl is not provided to the UE, the UE determines P0 from the value of the first P0-PUSCH-AlphaSet in p0-AlphaSets. Similar rule can be used for case that the DCI format also includes a P0-PUSCH field and a value of the P0-PUSCH field is ‘1’, i.e, the UE determines a value of P0 from the first P0-PUSCH-Set. 
[bookmark: OLE_LINK12]Proposal 7: If the PUSCH transmission is scheduled by a DCI format that does not include a SRI field, or if SRI-PUSCH-PowerControl is not provided to the UE, and if the DCI format also includes a P0-PUSCH field and a value of the P0-PUSCH field is ‘1’, the UE determines a value of P0 from the value of the first P0-PUSCH-Set. 
Conclusion
According to the analysis given above, we have the following observations and proposals:
Observation 1: For semi-static 2-D bitmap indication, the indication bits are allocated to each time domain occasion uniformly no matter whether the occasion contains cancelation resource or not, which may casue false cancelation at a higher probability.  
Observation 2: For the dynamic 2-D bitmap, a finer frequency domain indication granularity can be expected in most of cases compared to semi-static 2-D bitmap.
Observation 3: It is not helpful to configure X to be larger than the minimum processing time for UL cancelation.
Proposal 1: RAN1 should support dynamic 2-D bitmap method for UL cancelation resource indication.
· Occupied time domain occasions are indicated by bitmap firstly
· The time-frequency resource corresponding to the occupied time domain occasions is indicated by a 2-D bitmap dynamically.
Proposal 2: Downlink symbols indicated by tdd-UL-DL-ConfigurationCommon should be excluded from the reference uplink region. 
Proposal 3: NR should at least support 28OS, 42OS and 56OS for duration of RUR. 
Proposal 4: NR should at least support to configure X=21bits, 28bits and 35bits for field size of each UL cancelation indicator per serving cell in addition to X=14bits. 
Proposal 5: For both cases of UL transmission with and without associated PDCCH, the follow options of UL CI monitoring conditions should be further considered.
· Option1: UE monitors UL CIs corresponding with RURs in which the eMBB UL transmission located;
· Option2: UE starts monitoring UL CI at the latest monitoring occasion ending no later than X symbols before the start of the UL transmission, and X is related to UL CI processing time. 
Proposal 6: For improving resource efficiency, the preempted eMBB UE can generate a new TB and transmit it in the remaining resource without introducing a new UL grant. 
Proposal 7: If the PUSCH transmission is scheduled by a DCI format that does not include a SRI field, or if SRI-PUSCH-PowerControl is not provided to the UE, and if the DCI format also includes a P0-PUSCH field and a value of the P0-PUSCH field is ‘1’, the UE determines a value of P0 from the value of the first P0-PUSCH-Set. 
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Appendix
Table-3: System-level simulation assumptions
	Parameters
	Value

	Latency (ms)/Reliability (%) of URLLC
	2ms (air interface delay)/99.9999

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	500m

	Carrier frequency
	4 GHz

	Simulation bandwidth 
	40 MHz

	SCS 
	30 kHz

	Channel model 
	UMa in TR 38.901

	BS antenna configurations
	dH = 0.5λ, dV = 0.8λ;
4 Rx antenna ports: (M, N, P, Mg, Ng; Mp, Np) = (8, 4, 2, 1, 1; 1, 2)

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi

	BS receiver noise figure
	5dB

	BS receiver
	MMSE-IRC

	UE Tx power
	23dBm

	UE antenna configuration
	2 Tx: (M, N, P, Mg, Ng; Mp, Np) = (1, 1, 2, 1, 1; 1, 1)

	UE antenna height
	1.5m

	UE antenna gain
	0dBi

	Number of UEs per cell
	10 eMBB users per cell
10 URLLC users per cell

	Traffic model
	eMBB: 

- Packet arrival per UE: FTP Model 3 with Poisson arrival 
- Packet size: 50~ 600 bytes Pareto distribution, with shaping parameter alpha = 1.5.
URLLC: 
- Packet arrival per UE: FTP Model 3 with arrival interval 100 ms
- Packet size: 100 bytes

	UE distribution
	80% of users are outdoors and 20% of users are indoors 
3km/h
Indoor penetration loss is modelled according to low loss model
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