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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#98bis, we made the following agreements:
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.

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?)
· 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

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

This contribution considers some remaining issues on inter-UE multiplexing using UL Cancellation Indicator (CI).  
2. Discussions 

2.1 UL CI Monitoring
In RAN1#98, reduction in the UE monitoring effort for UL CI was considered.  For PUSCH transmission scheduled by an UL Grant, there were two options considered:
· Option 1: UE starts UL CI monitoring after the PDCCH is decoded
· Option 2: UE monitors UL CI at least 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.

Figure 1 shows an example of an UL CI with 7 symbols periodicity and an UL CI processing time X=5 symbols.  The eMBB UE receives an UL Grant at time t0 scheduling a PUSCH transmission to start two slots later (Slot n+2).  Option 1 would require the UE to start monitoring at time t2, i.e. the first UL CI monitoring occasion (labelled as “1” in Figure 1) after the UL Grant.  Option 2 would require the UE to monitor X symbols prior to the start of PUSCH transmission, i.e. monitor the UL CI labelled as “3” starting at time t6.  Option 2 allows the UE to potentially perform micro sleep after decoding the UL Grant till time t6, which is beneficial for power saving.  
Observation 1: Requiring the UE to monitor for UL CI no later than X symbols prior to the start of the UL transmission allows for potential power saving for the UE without any complexity at the UE.
Proposal 1: UE starts monitoring for UL CI at least 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.
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[bookmark: _Ref23870079]Figure 1: UL CI monitoring occasions
Several companies also proposed that the UE stop monitoring for UL CI at X symbols prior to the end of the UL transmission [1], [2], [3].  Referring to Figure 1 again, it can be observed that there is no point monitoring the UL CI labelled “5” at time t10 because by the time the UE finishes processing the UL CI, the PUSCH transmission has already ended.  This reduces the UE monitoring effort but it is unlikely to save any power as the UE has to transmit PUSCH anyway.  Since there is very little to no complexity involved in implementing this, we propose that the UE stops monitoring for UL CI at X symbols prior to the end of the UL transmission.
Proposal 2: UE stops monitoring for UL CI at the monitoring occasion ending at or after X symbols before the end of the UL transmission, and X is related to UL CI processing time.

2.2 UL CI Format
It is agreed that the UL CI consists of a bitmap representing 2D time-frequency portions that are projected onto the UL CI’s Reference Uplink Region (RUR).  Similar to DL PI, such indication can result in ghost pre-emption, where a UE’s eMBB PUSCH transmission is falsely indicated as being pre-empted by another UE’s URLLC PUSCH transmission, which results in the eMBB PUSCH being unnecessarily dropped [4].  An example is shown in Figure 2, where an UL CI’s RUR with occupies time t0 to t7 and frequency f1 to f6 and is represented by a 2×7 bitmap.  An eMBB PUSCH is scheduled at time t1 to t5 and frequency f5 to f6.  Another UE with URLLC PUSCH is later scheduled to transmit between time t2 to t3 occupying frequency f2 to f4.  The UL CI would signal , indicating that the portions occupying time t2 to t3 and frequency f1 to f6 are pre-empted.  This would result in eMBB PUSCH being dropped even though the URLLC PUSCH did not occupy any of the eMBB resources.
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[bookmark: _Ref23932668]Figure 2: Ghost Pre-emption

Ghost pre-emption is due to the coarse granularity of the 2D time-frequency portions when they are projected onto the RUR.  The finer the granularity, the less likely it is that ghost pre-emption will occur and the fewer eMBB PUSCH transmissions that will be unnecessarily dropped.  Hence, it is beneficial to have different 2D bitmap sizes in addition to the 14 bits agreed in the previous meeting.  As suggested in the previous meeting, the other sizes can be multiple of 7 and we propose that the bitmap size can be up to 56 bits, i.e. {7, 14, 21, 28, 35, 42, 49, 56}.
Proposal 3:  The configurable field sizes of each UL CI per serving cell are {7, 14, 21, 28, 35, 42, 49, 56}.

The dimensions of the 2D time-frequency portions depend on the number of time portions being configured.  The number of frequency portions can be derived from the configured size of the UL CI bitmap and the configured number of time portions.  To minimize ghost pre-emption we should consider a additional bitmap dimensions for the 2D time-frequency portions, The number of time portions can be up to 28 and the number of frequency portions is derived from the UL CI size and the number of time portions.  
Proposal 4: The configurable number of UL CI time portions are {1, 2, 4, 7, 14, 28}.

2.3 Reference Uplink Region (RUR)
In TDD, the RUR can contain DL symbols, which cannot be used for PUSCH transmission and so there really is no point having bits in the UL CI to represent these symbols.  Excluding DL symbols from the RUR would improve the granularity of the UL CI as the bits from the excluded portions can be used to repartition the remaining parts of the RUR.  However, the UL CI granularity can only be improved if an entire portion overlaps with a DL symbol.  If only a part of a portion overlaps with a DL symbol, excluding the DL symbol from RUR cannot release the bits representing that portion.  For example in Figure 3, we have a 2×7 bitmap projected onto a RUR occupying time t2 to t9 and frequency f1 to f6.  The first 3 symbols of the slot are DL symbols and as a consequence, the RUR overlaps with DL symbols between time t5 to t7.  For the portions occupying time t5 to t6 and frequency f1 to f6, that completely overlap with DL symbols, these two portions can be excluded from the RUR thereby releasing 2 bits that can be redistributed to the remaining RUR region.  However, the two portions occupying time t6 to t8 and frequency f1 to f6 are partially overlapped with a DL symbol and excluding the DL symbol between time t6 & t7 does not release any bits for redistribution because the remaining parts of these two portions still need to be represented by the UL CI.  Hence, to benefit from excluding DL symbols, only time-frequency portions that are fully overlapped with DL symbols can be excluded.
Observation 2: Time-frequency portions that partially overlap with DL symbols still need to be represented by the UL CI and so excluding these DL symbols from the RUR cannot release any bits for the UL CI.
Proposal 5: Time-frequency portions that FULLY overlap with DL symbols are excluded from the RUR and are no bits are used in the UL CI to indicate them. 
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[bookmark: _Ref23935866]Figure 3: RUR overlapping with DL symbols

When time-frequency portions colliding fully with DL symbols are excluded from the RUR, the UL CI bits released from these portions can be used to improve the granularity of some parts of the remaining RUR.  These bits can be used to improve the time or frequency granularity.  For example, in Figure 3, two bits are released from the 2 portions between time t5 and t6 that fully overlap DL symbols.  These bits can be used to improve the time granularity of the UL CI in the remaining RUR as shown in Figure 4A or the frequency granularity as shown in Figure 4B.  A simple approach is to improve the time granularity first followed by the frequency granularity.  The granularity improvement starts from the beginning of the RUR, i.e. earlier portions in time are improved first.
Observation 3: The UL CI bits released from excluding portions that fully overlap with DL symbols can be used to improve the time granularity or frequency granularity in some of the remaining parts of the RUR.
Proposal 6: The UL CI bits released from excluding portions that fully overlap with DL symbols are used to improve the time granularity first followed by frequency granularity.  The granularity improvements start from the beginning of the RUR.
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[bookmark: _Ref23936974]Figure 4: Released UL CI bits used to improve UL CI granularity of the remaining RUR

Since the time duration of the RUR is configurable, two successive RURs may overlap in time if the time duration of the RUR is larger than the periodicity of the UL CI.  If the granularity of the RURs can change e.g. due to collision with DL symbols or dynamically indicated, then the overlapping region of two RURs may indicate different resources as being pre-empted.  For example in Figure 5, an UL CI with 2×7 bitmap is projected onto an RUR where successive RURs overlap in time.  Here RUR1 occupies time t2 to t5 and frequency f1 to f5 and RUR2 occupies time t3 to t7 and frequency f1 to f5, thereby these two RURs overlap in time between t3 and t5.  RUR1 does not collide with any DL symbols.  RUR2 collides with DL symbols between time t5 and t6 and as a consequence, these 4 colliding portions between t5 & t6 are excluded from RUR2 and are used to improve the frequency granularity between time t3 and t5 of RUR2.  The UL CI for RUR1 indicates that the portion occupying time t3 to t4 and frequency f3 to f5 is pre-empted.  The UL CI for RUR2 indicates that the portion occupying time t3 to t4 and frequency f3 to f4 is pre-empted.  The two RURs indicate different range of resources as being pre-empted.  Since RUR2 benefited from finer frequency granularity, then it makes sense to follow the indication for RUR2 in the overlapping region.  However, in general the preceding RUR, e.g. RUR1, may also have finer granularity in a different dimension.  In order to benefit from the finer granularity that each overlapping RUR may have, the effective pre-empted resources are the ones overlapping pre-empted resources from both overlapping RURs.  In the example in Figure 5, the resources that are deemed as being pre-empted are the ones indicated by both RURs, i.e. the resources between time t3 to t4 and frequency f3 to f4.
Proposal 7: When two RURs overlap in time, only the resources that are indicated as being pre-empted by both RURs are considered as being pre-empted.
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[bookmark: _Ref23943449]Figure 5: Overlapping RUR and effective pre-empted portion

3. Conclusion
In this contribution, we discuss some remaining issues of UL CI.  We observe the following:
Observation 1: Requiring the UE to monitor for UL CI no later than X symbols prior to the start of the UL transmission allows for potential power saving for the UE without any complexity at the UE.
Observation 2: Time-frequency portions that partially overlap with DL symbols still need to be represented by the UL CI and so excluding these DL symbols from the RUR cannot release any bits for the UL CI.
Observation 3: The UL CI bits released from excluding portions that fully overlap with DL symbols can be used to improve the time granularity or frequency granularity in some of the remaining parts of the RUR.

We therefore propose the following:
Proposal 1: UE starts monitoring for UL CI at least 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 2: UE stops monitoring for UL CI at the monitoring occasion ending at or after X symbols before the end of the UL transmission, and X is related to UL CI processing time.
Proposal 3:  The configurable field sizes of each UL CI per serving cell are {7, 14, 21, 28, 35, 42, 49, 56}.
Proposal 4: The configurable number of UL CI time portions are {1, 2, 4, 7, 14, 28}.
Proposal 5: Time-frequency portions that FULLY overlap with DL symbols are excluded from the RUR and are no bits are used in the UL CI to indicate them. 
Proposal 6: The UL CI bits released from excluding portions that fully overlap with DL symbols are used to improve the time granularity first followed by frequency granularity.  The granularity improvements start from the beginning of the RUR.
Proposal 7: When two RURs overlap in time, only the resources that are indicated as being pre-empted by both RURs are considered as being pre-empted.
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