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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN#96bis, we made the following working assumption and agreements:
Working assumption:
· PDCCH is used for UL cancelation indication 
· The Working assumption can be revisited if the DCI for cancelation indication only carry very small number of information bits, e.g. 1 bit. 
· This contribution discusses some considerations in using Option 4 and Option 6 for PUSCH enhancement.  

Agreements:
· Upon detecting an UL cancelation indication, at least stop without resuming is supported
· FFS whether and how to support stop with resume 
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

Agreements:
· Further discuss, aiming for down-selection, the group common DCI and UE-specific DCI for UL cancelation indication 
· For group common DCI (different from Rel-15 SFI)
· UE is configured to monitor a group common DCI which indicates the time/frequency region on which the UL cancellation indication applies
· For UE specific-DCI
· When applicable, UE is configured to monitor a second UL grant for the same TB as an earlier PUSCH indicating UL cancellation before the end of the earlier PUSCH transmission. In this case, the UE follows the UL cancellation indication.   

This contribution discusses some further considerations on inter-UE UL transmission prioritization and multiplexing.  
2. Discussions
2.1 Grant Based Inter-UE Multiplexing
The UL Cancellation Indicator (CI) carried by a PDCCH can be transmitted using a GC-DCI or UE specific DCI.
In Rel-15, the rationale for using a GC-DCI to carry the DL PI is because a URLLC transmission is expected to occupy a large frequency bandwidth and hence it will affect multiple eMBB PDSCHs.  Therefore, it is more efficient to use GC-DCI to address multiple eMBB UEs.  However, it was noted that DL PI using GC-DCI suffers from “ghost pre-emption” [3] since the granularity that can be addressed by the DL PI is coarse and hence would lead to eMBB UEs being wrongly accused of being pre-empted, which may cause unnecessary retransmission.  Similarly in the UL, if the UL CI uses GC-DCI to address multiple UEs, it can also suffer from “ghost cancellation” especially when the granularity is coarse.  For example in Figure 1, UE1 and UE2 are scheduled for eMBB PUSCH transmissions but the gNB pre-empts some of UE1’s resource for a URLLC transmission for another UE.  The gNB then transmits a GC-DCI to signal the UL CI.  If the granularity of the UL CI is coarse, e.g. it indicates the entire UL BWP, it will also wrongly indicate to UE2 to cancel its PUSCH transmission even though the URLLC transmission affects only UE1.  The consequence of “ghost cancellation” for UL CI is worse than that for DL PI since in the UL, the entire PUSCH may be dropped.  
Observation 1: UL CI using GC-DCI may cause a PUSCH transmission that is not affected by URLLC pre-emption to be wrongly dropped due to the granularity issue in indicating affected regions.
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[bookmark: _Ref494460583]Figure 1: Ghost cancellation due to UL CI exaggeration of URLLC transmission
Unlike in the downlink, in the uplink it is far more effective to transmit a PUSCH using as few PRBs as possible in order to increase its PSD (Power Spectral Density) rather than spread the PUSCH transmission over many PRBs.  This has already been proven in Rel-15 eMTC under the sub-PRB feature.  Hence, it is unlikely that an uplink URLLC transmission would pre-empt multiple eMBB PUSCHs and the rationale to use a Group Common based indicator is no longer valid.  It is therefore more beneficial to use a UE specific UL CI which would not suffer from ghost cancellation.  This UL CI can act as an UL grant to reschedule the dropped eMBB PUSCH.
Observation 2: Unlike in downlink URLLC (PDSCH), it is far more efficient and reliable to transmit the URLLC PUSCH using as few PRBs as possible to boost the PSD (Power Spectral Density) than to spread the PUSCH over numerous PRBs. 
Observation 3: Unlike in downlink URLLC (PDSCH) which occupies a large frequency bandwidth, the uplink URLLC (PUSCH) is likely to occupy a narrower frequency bandwidth and is therefore unlikely to pre-empt multiple eMBB PUSCH.
Proposal 1: The UL CI is UE specific and can be used as an UL grant to reschedule the dropped PUSCH.


2.2 Grant Free Inter-UE Multiplexing
The gNB may schedule an eMBB UE such that some of its PUSCH transmission occupies grant free resources (i.e. configured resources) that can be used for URLLC transmissions. Since the gNB does not dynamically schedule the URLLC UE in grant free resources, an UL CI to cancel an eMBB PUSCH that occupies some of the grant free resources is therefore not effective.
One method is to provide a Transmission Updated Indicator for the grant free resource, which provides updates on the grant free resources [2].  The Transmission Updated Indicator is used by the gNB to inform the URLLC UE using grant free resource whether some of the grant free resources have been scheduled to another (eMBB) UE.  The Transmission Updated Indicator can be group common and can reuse the bitmap used for DL PI (DCI Format 2_1) where a reference region is divided into either a 1×14 or 2×7 grid where each section in this grid indicates whether that region is occupied by another transmission.  The reference region for the grant free case can be equivalent to the area of the grant free resource.  If a region is indicated as being occupied, a URLLC UE intending to use that grant free resource can either avoid those occupied regions or increase its power if it overlaps with the occupied region.  An example is shown in Figure 2 where the gNB configured grant free resources between frequency f1 and f3 for UE2 (URLLC UE) with a duration of 1 slot and a periodicity of 2 slots.  The gNB also configured a Transmission Updated Indicator with a 2×7 grid which is projected onto the time frequency resource of the grant free resource, i.e. the reference region is the resources occupied by the grant free resource.  This Transmission Updated Indicator has a periodicity of 2 slots.  At time t3, the gNB schedules UE1 with a PUSCH for transmission in slot n+3 which overlaps the grant free resource between time t7 and t8.  The Transmission Updated Indicator at time t5 (labelled as Tx Update#2) would therefore indicate that the lower left 4 sections of the 2×7 grid, between frequency f1 and f2 and time t7 to t9, are occupied by another UE (i.e. UE1).  UE2, using the grant free resource in slot n+3, can therefore avoid those indicated regions, thereby avoiding interference from UE1.  
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[bookmark: _Ref521317110]Figure 2: Transmission Updated Indicator
Proposal 2: Introduce a Transmission Updated Indicator for grant free resources that indicates the subset of the UL grant free resources that have been dynamically scheduled for another (eMBB PUSCH) transmission.
Proposal 3: The Transmission Updated Indicator can reuse the bitmap grid used for DL PI (DCI Format 2_1) where the reference region of the Transmission Updated Indicator is the area occupied by the grant free resources.

2.3 Enhanced Power Control
In RAN1#96bis we concluded the following:
Conclusion:
· Further discuss the following power control enhancements
· Increased TPC range
· FFS details, e.g. supported value range, number of TPC bits, accumulated and/or absolute TPC, configurability of the TPC tables, applicability to SRS/PUCCH. 
· Indication of open-loop parameter sets based on scheduling DCI without using SRI 
· Indication of open-loop parameter sets based on GC-PDCCH
The enhanced power control schemes, such as indicating a different open-loop power control parameter set can be used in addition with UL CI.  The indication of a different open-loop parameter set should be UE specific and can be in the UL grant.  It isn’t clear what the benefit is in indicating it using a GC-PDCCH.
[bookmark: _GoBack]Proposal 4: Support the indication of separate open-loop power control parameter sets in the UL grant of the scheduling DCI.

3. Conclusion
In this contribution we discuss some aspects of inter-UE UL transmission prioritisation and multiplexing.  We observe the following:
Observation 1: UL CI using GC-DCI may cause a PUSCH transmission that is not affected by URLLC pre-emption to be wrongly dropped due to the granularity issue in indicating affected regions.
Observation 2: Unlike in downlink URLLC (PDSCH), it is far more efficient and reliable to transmit the URLLC PUSCH using as few PRBs as possible to boost the PSD (Power Spectral Density) than to spread the PUSCH over numerous PRBs. 
Observation 3: Unlike in downlink URLLC (PDSCH) which occupies a large frequency bandwidth, the uplink URLLC (PUSCH) is likely to occupy a narrower frequency bandwidth and is therefore unlikely to pre-empt multiple eMBB PUSCH.

We therefore propose the following:
Proposal 1: The UL CI is UE specific and can be used as an UL grant to reschedule the dropped PUSCH.
Proposal 2: Introduce a Transmission Updated Indicator for grant free resources that indicates the subset of the UL grant free resources that have been dynamically scheduled for another (eMBB PUSCH) transmission.
Proposal 3: The Transmission Updated Indicator can reuse the bitmap grid used for DL PI (DCI Format 2_1) where the reference region of the Transmission Updated Indicator is the area occupied by the grant free resources.
Proposal 4: Support the indication of separate open-loop power control parameter sets in the UL grant of the scheduling DCI.
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