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Introduction
[bookmark: _Ref129681832]In this contribution several corrections and remaining issues for Rel-16 are discussed, including resolving the maximum number of PDCCH candidates that can be configured per monitoring occasion, allowing BWP switching when the UE is monitoring UL CI, simultaneous UL prioritization/multiplexing for intra-UE and inter-UE, the application of UL CI depending on the priority of the uplink transmission, the UE behavior when a UL CI and scheduling DCI are received at the same time. In the last section of the document we also address a newly identified problem related to the time region indication by UL CI. 
Discussion 
Maximum number of blind decodes for UL CI
The following agreement was made in RAN1#100e in order to limit the number of blind decodes that can be spent on monitoring UL CI:  
	Agreement:
· Up to X BDs can be configured per UL CI monitoring occasion, X to be decided between X=1 or X=2 in RAN1#100bis.


An eMBB service is usually carried out with UE processing time capability #1. But URLLC UEs, will typically follow UE processing time capability #2. Thus, in case of UL CI, a cap#1 UE could be indicated that it has to cancel its transmission within N2 symbols according to cap#2. In order to facilitate a fast detection of the UL CI, not too many BDs should be spent but also there should be some scheduling flexibility. Thus, the value of X should be limited. In our view, X=2 is a good compromise between flexibility and fast cancellation time.
Proposal 1: Up to 2 BDs per monitoring occasion can be defined for UL CI
UL cancellation when switching the active BWP
A UE that is indicated in the UL grant to switch its active BWP, according to the current specification, is not expected to send or to receive any data or control signaling before the start of the slot that is indicated by the slot offset value K2 in the scheduling DCI. Therefore, after a dynamic switch of the active BWP has been triggered, it is impossible to cancel the next scheduled transmission. This imposes a big problem for the case of inter UE multiplexing between services with different priorities: An eMBB UE that has been ordered to switch its active BWP will not monitor UL CI and therefore cannot be canceled. It would interfere with urgently scheduled URLLC traffic from another UE. Therefore, to avoid such a situation, for the case of UL inter-UE multiplexing between eMBB and URLLC services, with the current specification the eMBB UE should not be ordered to switch its active BWP. This is a severe limitation and should be corrected.
Current text in the specification
From 38.213, Section 12[1]:
	If a UE detects a DCI format 0_1 indicating an active UL BWP change for a cell, the UE is not required to receive or transmit in the cell during a time duration from the end of the third symbol of a slot where the UE receives the PDCCH that includes the DCI format 0_1 in the scheduling cell until the beginning of a slot indicated by the slot offset value of the time domain resource assignment field in the DCI format 0_1.



Discussion of the current text in the specification
BWP switching is an important function for the overall operation of NR. It is used to swiftly accommodate the change of services and also to save power for the UE and the network. Both aspects are essential for an efficient operation when URLLC and eMBB are multiplexed on the same carrier. 
After a BWP switch, the UE is not transmitting or receiving anything during the BWP switch delay period. This period is specified in 38.133[2]:
Table 1 – BWP Switch delay
	[image: ]
	NR Slot length (ms)
	BWP switch delay TBWPswitchDelay (slots)

	
	
	Type 1Note 1
	Type 2Note 1

	0
	1
	1
	3

	1
	0.5
	2
	5

	2
	0.25
	3
	9

	3
	0.125
	6
	18

	Note 1:	Depends on UE capability.
Note 2:	If the BWP switch involves changing of SCS, the BWP switch delay is determined by the larger one between the SCS before BWP switch and the SCS after BWP switch.



Consequently, during the BWP switch delay, the UL CI cannot be cancelled. But this time duration can be a smaller number of slots than the indicated slot offset value when the PUSCH transmission is scheduled to start. The rule as it is defined in 38.213 for Rel-15, artificially extends the time where the UE is not expected to receive anything, it is extended from the end of BWP switch delay until the beginning of slot where the PUSCH transmission is scheduled to start. This is illustrated in the example given in Figure 1 below. The BWP delay is 2 slots but the indicated slot-offset value is 3 slots. In the slot preceding the scheduled eMBB PUSCH transmission, the eMBB is not monitoring any signal and can therefore not receive any information to cancel its PUSCH. Thus, after a BWP switch all slots after the BWP-switch-delay-duration and before the start of the slot that contains the scheduled PUSCH, are blocked for the reception of UL CI.    

[bookmark: _Ref30322367]Figure 1 UL CI cannot be detected because of BWP switch
Based on the discussion above, we make the following observation:
[bookmark: _Ref20428884][bookmark: _Ref20478605]Observation 1: In case of a BWP switch, 
· When K2 is equal to the BWP switch delay, i.e. when the eMBB PUSCH would start directly after the BWP switch delay, the eMBB UE cannot receive UL CI and cannot cancel its PUSCH. 
· When K2 is larger than the BWP switch delay, following the Rel-15 rule, the eMBB UE cannot receive UL CI during the BWP switch delay and neither during the “K2-BWP switch delay” slots before the start of the eMBB PUSCH.
Based on Observation 1, the following observation is made: 
[bookmark: _Ref24136937][bookmark: _Ref20478615]Observation 2: Following the current specification, an eMBB UE that is indicated to switch its active BWP cannot be indicated to cancel its scheduled uplink transmission in the new BWP.
In our view, this is an essential shortcoming for inter UE multiplexing between eMBB and URLLC services, because it precludes to operate the active BWP switch together with UL cancellation. 
In Rel-15 the situation was different. In Rel-15 no UL-CI is supported. Therefore, it was convenient to use the K2 value to stop both transmission and reception from a UE. The K2 is flexible and typically larger than the fixed BWP switch delay. The gNB can use K2 to control from when an UL transmissions shall be possible again. Also some power saving could be achieved by not letting the UE monitor the PDCCH before the start of the PUSCH. For Rel-16, however, this is different. Now, UL CI is supported and the UE should monitor UL CI after a BWP switch.    
A very simple modification of the specification would allow to overcome this problem. 
Proposal 2: Take the following text proposal for Subclause 6.1.1.1 in TS 38.213 v16.1.0.
	Text Proposal for 38.213:
If a UE detects a DCI format 0_1 indicating an active UL BWP change for a cell, the UE is not required to receive (except DCI format 2_4) or transmit in the cell during a time duration from the end of the third symbol of a slot where the UE receives the PDCCH that includes the DCI format 0_1 in the scheduling cell until the beginning of a slot indicated by the slot offset value of the time domain resource assignment field in the DCI format 0_1.



Simultaneous UL prioritization/multiplexing for intra-UE and inter-UE cancellation
In RAN1#100e, three options haven been listed for the UE behavior in case of simultaneously occurring UL intra-UE prioritization/multiplexing and inter-UE cancellation. The further discussion of these options had been postponed to RAN1#100b.
	· Option 1: Handling of intra-UE prioritization/multiplexing for overlapping UL transmissions is performed firstly and handling of inter-UE cancellation for UL transmission overlapping with resources by UL CI is performed secondly 
· Option 2: Handling of inter-UE cancellation for UL transmission overlapping with resources by UL CI is performed firstly and handling of intra-UE prioritization/multiplexing for overlapping UL transmissions is performed secondly 
· Option 3: UE performs intra-UE prioritization/multiplexing or inter-UE cancellation for the overlapped UL channels according to the time order which is determined by the receiving time order of PDCCH carrying DCI scheduling high priority transmission or DCI for UL CI.



Among these options, our preference is option 1 since it is the most straight-forward way with the least standardization efforts. In our view, the scenario of simultaneously occurring intra-UE prioritization/multiplexing and inter-UE cancellation should be addressed.  If the resource of a PUSCH is impacted by the monitored UL CI, the PUSCH would be cancelled as well as the UCI multiplexed on the PUSCH.
Proposal 3: Handling of intra-UE prioritization/multiplexing for overlapping UL transmissions is performed firstly and handling of inter-UE cancellation for UL transmission overlapping with resources indicated by UL CI is performed secondly.
A UL channel with which priority level can be cancelled by UL CI
For a UE that is supporting two physical priority levels with configured priority indicator and that is configured to monitor UL CI, it should be decided which UL channels should be cancelled upon reception of UL CI. Three options as shown below have been discussed in the last meeting.
	· Option 1-1: For a given UE, UL CI is only applicable to the UL transmissions indicated/configured as low priority level 
· Option 2: For a given UE, UL CI is applicable to UL transmission irrespective of its priority level. 
· Option 3: RRC configuration between option 1 and option 2 



Option 1-1 and option 2 are both very simple to realize. Option 1-1 has very little specification impact and Option 2 has no specification impact. Option 3, on the other hand, requires a new RRC parameter.
A potential drawback with Option 2 is that a UE might not know that it is the preempting UE, and upon detection of UL CI this UE could therefore cancel its own URLLC transmission. This is avoided with Option 1-1.
Proponents of Option 3 argued that this approach can help to support different priority levels across different UEs. However, the problem of Option 2 also remains in Option 3 for those UEs that would be RRC configured with a behavior according to Option 2. If multiple priority levels should be addressed, a simpler and complete solution for such a scenario would be to use URLLC power boosting instead. The power boosting is UE specific and already supported in the specification. In case of a collision between two high priority transmissions from two different UEs, the gNB can indicate the prioritized UE to increase its power.  
As example, consider a scenario when 3 services (#0 to #2) with ascending priorities are supported in one cell as shown in Figure 2 below. Services {#0, #1} are supported by some UEs of Type-A, and the services {#1, #2} are supported by some other UEs of Type-B. 
[image: ]
[bookmark: _Ref36644313]Figure 2 – Support of three services with different priorities in a cell
 [image: ][image: ]
(1) case 1                                                                            (2) case 2A
Figure 3 - Illustration of case 1 and case 3 from Table 1
Following Option 3, there are for example two possibilities how UEs of Type-A could  be configured for UL CI monitoring. In Table 1 we analyse the consequences when UEs of Type A would be configured with either option 1-1 or Option 2. 
[bookmark: _Ref36650631]Table 1 – Configuring UEs with different Options for cancellation  
	Case
	UE Type-A
	Negative impact
	Solution

	Case 1
	Option 1-1
	UE Type-A with service#1 will not cancel its transmission when it overlapping with service #2 from UE Type-B
	Power boost UE type B which carries the service with the highest priority on cell level

	Case 2A
	Option 2
	If option 2 is configured in Type-A UEs, it is possible that UL CI for service#1 from UE Type-B cancels service#1 of UE Type-A. And the cancellation from the same service is not expected.
	UEs of Type-A do not monitor UL CI.
Or option 1-1 is applied to UEs of type A 

	Case 2B
	Option 2
	Assume that two UEs of type A (i.e. supporting services #0 and #1) are in the cell. Furthermore, there is one UE of type B, supporting services (#1 and #2). The network wants to guarantee that UEs of type-A cancel their transmission when a UE of type-B is transmitting service #2. The UEs of type A are therefore configured with Option 2. This results into the problem of self-cancellation. If UE1 of Type A is transmitting service #1 and UE2 of Type-A is transmitting service #0, both monitor UL CI and their transmissions overlap. UE1 does not know that it is the preempting UE, it cancels its own high priority transmission.
	No solutions



Based on the above discussion, it can be seen that even if multiple priority levels across UEs should be addressed, Option 3 is not the right way to go. Allowing some UEs to apply UL CI only on high priority traffic and some other UEs on any priority type has problems, which can be resolved by only using Option 1-1 together with UL power boosting when needed. 
Proposal 4: UL CI is only applicable to the UL transmissions indicated/configured as low priority level.
UE receives a UL CI and scheduling DCI at the same time
During the email discussion in RAN#100e, a new question was brought up: How to handle the case when a UE simultaneously receives an UL scheduling DCI and UL CI which shall cancel the scheduled transmission? This situation can be analyzed as follows.
· Case 1: the UL transmission scheduled by the DCI is of low-priority and overlaps with the resource indicated by UL CI. At the first glance, one could think that this case would be avoided by the gNB, because the gNB should not schedule the low-priority transmission if it anyway would be cancelled. However, the resource granularity used in UL CI is rather coarse. Therefore, in Case 2, it would be possible that a granted high-priority transmission from another UE A triggers the gNB to send the UL CI, and that this high priority transmission itself does not collide with the scheduled low-priority UL transmission of UE B, but that the it overlaps with the resource indicated by the UL CI. 
· Case 2: the UL transmission scheduled by the DCI is of high-priority and overlaps with the resource indicated by UL CI. At the first glance, this case would also be avoided by the gNB. However, this is not avoidable if UE A which triggers the UL CI is a hybrid-service UE and also monitors UL CI.
During the email discussion in the RAN1#100e meeting it has been concluded that this issue depends on the outcome of the discussion in Sec. 2.4. If the UL CI only cancels the low-priority UL channel, then the problem for Case 2 would already be solved. However, Case 1 would still exist. In our opinion, the gNB should be smart enough and if it schedules an UL transmission at the same time or after the UL CI, then this services must either be of higher significance or the scheduled UL transmission does not overlap with the actually scheduled URLLC transmission which triggers the UL CI. Hence, we make the following proposal.
Proposal 5: Dynamically scheduled UL transmissions can only be canceled by UL CI if their scheduling DCI has been transmitted earlier than the UL CI.
The problem of time region partitions caused by DL and SSB symbols
In the RAN1#100e meeting, the problem of time region partitions caused by DL and SSB symbols was raised [3][4]. After excluding symbols for reception of SS/PBCH blocks and DL symbols indicated by tdd-UL-DL-ConfigurationCommon, the number of remaining symbols in the time region may be smaller than the number of partitions provided by timeGranularityforCI, which will result in wasted bits.
[bookmark: _Ref36655743]In this section, another issue associated with DL and SSB symbols will be discussed. The symbol group in the time region may be split into two separate parts because of DL and/or SSB symbols. This is illustrated in Figure 3 below, where the time region consists of three slots after excluding cell-specific semi-static DL symbols. The second slot (U) and the third slot (F) are not consecutive in actual time. The total number of OFDM symbols indicated by UL CI for this example is 42. If the value of timeGranularityforCI is set to 7, then the number of OFDM symbols in each time region would 6. Among these seven time regions, two of them are crossing the slot boundary (marked in green and red in Figure 4). Furthermore, the red region is across two DL slots and not continuous in time. 
[image: ]
[bookmark: _Ref37251531]Figure 4 - UL CI time region splits into two regions
[bookmark: OLE_LINK28][bookmark: OLE_LINK29]When the gNB decides to schedule an URLLC UE in the last symbols of the second slot (U), it will set the bit value for the corresponding time region of UL CI to “1” to cancel the transmission from eMBB UEs in the corresponding symbols. Then the transmission from eMBB UEs on the first symbol of the third slot will be cancelled as the bit value for this region is “1”, and probably the transmission in the following symbols will also be cancelled as the PUSCH is entirely cancelled starting from the first impacted symbol. But when sending the UL CI, it is unknown if a URLLC transmission will occur in both of the two sub-regions. The eMBB transmission may be cancelled unnecessarily which will impact the network performance. This problem is critical when one part of the group after split consists only one symbol.
To avoid this unnecessary cancellation, group combination rules can be introduced. When one part after splitting consists of only one symbol, this part can be merged to the neighbor section to make each group consist of consecutive symbols in time. 
Based on the above analysis, we propose the following text proposal.
Proposal 6: Take the following text proposal for Subclause 11.2A in TS 38.213 v16.1.0.
	Text Proposal for 38.213:
 sets of bits from the  bits have a one-to-one mapping with  groups of symbols. A UE determines the number of symbols for each group as following:
· Step 1:  where eEach of the first  groups includes  symbols and each of the remaining  groups includes  symbols. 
· Step 2: When the ith group is across symbols for reception of SS/PBCH blocks and DL symbols indicated by tdd-UL-DL-ConfigurationCommon, it will be divided into two parts. When one part consists only one symbol, merge this symbol into the neighbor group if the neighbor group exists.
A UE determines a symbol duration with respect to a SCS configuration of an active DL BWP where the UE monitors PDCCH for DCI format 2_4 detection.


Conclusion
Based on the discussion of the paper, we make the following observations and proposals:
For the maximum number of BDs to be spent in each span on monitoring UL CI:
Proposal 1: Up to 2 BDs per monitoring occasion can be defined for UL CI
For the active BWP switching while monitoring UL CI:
Observation 1: In case of a BWP switch, 
· When K2 is equal to the BWP switch delay, i.e. when the eMBB PUSCH would start directly after the BWP switch delay, the eMBB UE cannot receive UL CI and cannot cancel its PUSCH. 
· When K2 is larger than the BWP switch delay, following the Rel-15 rule, the eMBB UE cannot receive UL CI during the BWP switch delay and neither during the “K2-BWP switch delay” slots before the start of the eMBB PUSCH.
Observation 2: Following the current specification, an eMBB UE that is indicated to switch its active BWP cannot be indicated to cancel its scheduled uplink transmission in the new BWP.
Proposal 2: Take the following text proposal for Subclause 6.1.1.1 in TS 38.213 v16.1.0.
	Text Proposal for 38.213:
If a UE detects a DCI format 0_1 indicating an active UL BWP change for a cell, the UE is not required to receive (except DCI format 2_4) or transmit in the cell during a time duration from the end of the third symbol of a slot where the UE receives the PDCCH that includes the DCI format 0_1 in the scheduling cell until the beginning of a slot indicated by the slot offset value of the time domain resource assignment field in the DCI format 0_1.



For handling inter- and intra-UE prioritization:  
Proposal 3: Handling of intra-UE prioritization/multiplexing for overlapping UL transmissions is performed firstly and handling of inter-UE cancellation for UL transmission overlapping with resources indicated by UL CI is performed secondly.
Proposal 4: UL CI is only applicable to the UL transmissions indicated/configured as low priority level.
For the time relationship between scheduling DCI and UL CI:
Proposal 5: Dynamically scheduled UL transmissions can only be canceled by UL CI if their scheduling DCI has been transmitted earlier than the UL CI.
For determining the reference resources:
Proposal 6: Take the following text proposal for Subclause 11.2A in TS 38.213 v16.1.0.
	[bookmark: _GoBack]Text Proposal for 38.213:
 sets of bits from the  bits have a one-to-one mapping with  groups of symbols. A UE determines the number of symbols for each group as following:
· Step 1:  where eEach of the first  groups includes  symbols and each of the remaining  groups includes  symbols. 
· Step 2: When the ith group is across symbols for reception of SS/PBCH blocks and DL symbols indicated by tdd-UL-DL-ConfigurationCommon, it will be divided into two parts. When one part consists only one symbol, merge this symbol into the neighbor group if the neighbor group exists. 
A UE determines a symbol duration with respect to a SCS configuration of an active DL BWP where the UE monitors PDCCH for DCI format 2_4 detection.
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