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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1 Ad-Hoc 1901, we agreed the following:

Agreements:
Capture the following in TR 38.824 section 7.2.1“UE UL cancelation mechanisms”
UE UL cancelation mechanism is considered as one potential enhancement for UL inter-UE Tx prioritization/multiplexing. Either PDCCH or sequence can be considered as potential options for the UL cancelation indication. If PDCCH is used, either group common DCI or UE-specific DCI can be considered as potential options. If sequence is used, either group common sequence or UE-specific sequence can be considered. The monitoring periodicity for the UL cancelation indication should be configurable by the gNB and UE supporting UL cancelation indication should be able to support more than one monitoring occasions for the UL cancelation indication in a slot. If PDCCH is used, whether the UE PDCCH monitoring capability (number of CCEs/BDs per slot) should be increased is to be further investigated. The UE processing time for UL cancelation indication should be equal or shorter than N2 defined in Rel-15 UE capability#2. Upon detecting an UL cancelation indication, UE cancels the corresponding UL transmission. The corresponding UL transmission may include an on-going UL transmission, or an UL transmission that has not been started. After cancelation, the UE may resume the transmission afterwards as one option, or may not resume the transmission afterwards as another option.
Aim to downselect the option(s) in RAN1#96 as indicated in the above text (including no additional enhancements related to the above options due to this SI)

Agreements:
· Introduce the following TP to the TR:
Enhanced UL power control is considered as one potential enhancement for UL inter-UE Tx prioritization/multiplexing. The potential enhanced UL power control may include UE determining the power control parameter set (e.g. P0, alpha) based on scheduling DCI indication without using SRI, or based on group-common DCI indication. Increased TPC range compared to Rel-15 may also be considered. Power boosting is not applicable to power limited UEs.

This contribution discusses remaining aspects of UL PI.  
2. Discussions
2.1 Grant Based Inter-UE Multiplexing
Figure 1 shows the UL PI monitoring periodicity with an UL PI processing time of NPI, a PUSCH preparation time of N2 and a PDCCH duration of TU-DCI.  In [1] we showed that the required UL PI monitoring periodicity PPI = N2- NPI + TU-DCI, that is, the shorter the UL PI processing time NPI relative to N2, the longer the UL PI periodicity is required and this would reduce the UL PI monitoring requirement of the eMBB UE which reduce the required complexity for monitoring UL PI.
[image: ]
[bookmark: _Ref525663442]Figure 1: UL PI monitoring periods
Observation 1: The faster the UL PI processing time relative to PUSCH preparation time N2, the longer the UL PI monitoring is required for the eMBB UE and this would reduce the complexity require for UL PI monitoring.

Therefore to reduce any additional complexity for the eMBB UE to support UL PI, it is beneficial that the UL PI can be decoded very quickly with minimum complexity.  One way is to use a sequence for the UL PI, which can be detected with a simple correlator receiver that is much faster than having to blind decode multiple PDCCH candidates.  In [2] it is showed that the detection of a sequence requires only 10 µs which is less than a symbol in 30 kHz and 60 kHz SCS.  The UE is already equipped with hardware to detect RS and so there is no additional hardware cost to perform detection of an UL PI sequence.  It is also shown that the sequence based UL PI is far more reliable than PDCCH based UL PI, where the sequence based UL PI can have 3-5 dB performance gain over a PDCCH based UL PI [2].
Observation 2: A sequence based UL PI can be detected in a fraction of a symbol, which is much faster than blind decoding of PDCCH based UL PI.
Observation 3: A sequence based UL PI is far more reliable than a PDCCH based UL PI.

One of the concerns raised during the SI is the increased complexity for the eMBB UE to support UL PI especially the increase in PDCCH blind decode rate.  If the UL PI has similar processing time as N2, the UL PI periodicity would be equals to that of URLLC PDCCH monitoring period which can be every 2 symbols.  Hence, using a sequence based UL PI instead of PDCCH based UL PI would not increase the eMBB UE’s complexity in monitoring PDCCH.  Since the sequence is far less complex to detect than PDCCH, the eMBB UE can afford a faster UL PI monitoring rate.
Observation 4: A sequence based UL PI will not increase the PDCCH blind decoding rate of the eMBB UE.

Hence, given the low complexity in using a sequence and the quick processing time required, it is makes sense to use a sequence based UL PI than a PDCCH based UL PI.
Proposal 1: The UL PI is transmitted using a sequence.

The rationale for using a GC-DCI to carry the DL PI is because an 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 UE.  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 UE being wrongly accused of being pre-empted which may cause unnecessary retransmission.  For example in Figure 2, the DL PI pre-emption granularity in the frequency domain is the entire BWP.  If the URLLC occupies only a fraction of the frequency, the entire BWP is indicated as being pre-empted.  In Figure 2, only UE1 is being pre-empted but due to the use of GC-DCI resulting in a coarse granularity, UE2 which is not being pre-empted is haunted by ghost pre-emption.
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[bookmark: _Ref494460583]Figure 2: Ghost pre-emption due to PI exaggeration of pre-empted resources.

Observation 5: Pre-emption indicator targeting a group of UEs (e.g. carried by a GC-DCI) can lead to “ghost pre-emption” where a victim eMBB UE is wrongly indicated to have been pre-empted leading to unnecessary retransmission.

Unlike 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 PRB.  This has already been proven in Rel-15 eMTC under the sub-PRB feature.  Hence, it is therefore unlikely that an uplink URLLC 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 PI which would not suffer from ghost pre-emption and is far easier to design, since technically only 1 bit of information is required.
Observation 6: 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 PRB. 
Observation 7: Unlike in downlink URLLC (PDSCH) which occupies a large frequency bandwidth, the uplink URRLC (PUSCH) is likely to occupy narrower frequency bandwidth and therefore unlikely to pre-empt multiple eMBB PUSCH.
Proposal 2: The UL PI is UE specific.

The UL PI needs only carry a single bit to indicate whether the PUSCH is pre-empted or not and if pre-empted the victim eMBB UE can drop the entire PUSCH or a pre-defined time window of the PUSCH.  The UL PI can therefore follow a similar mechanism as WUS (Wake Up Signal) where the presence of the UL PI sequence means the eMBB PUSCH is pre-empted and the absence of the UL PI sequence means there is no pre-emption.
Proposal 3: For an eMBB UE monitoring UL PI, a presence of the UL PI sequence means the corresponding eMBB PUSCH is pre-empted and an absence of the UL PI sequence means there is no pre-emption.
Proposal 4: When the eMBB UE PUSCH is indicated as being pre-empted the UE drops the PUSCH transmission or a pre-defined time section of the PUSCH transmission.

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 PI to cancel an eMBB PUSCH that occupies some of the grant free resources is therefore not effective.
In [4], we proposed that when an eMBB transmission overlaps grant free resources, the gNB can indicate to the eMBB UE to transmit its PUSCH in a DTX manner as shown in Figure 3.  Here, an UL grant is transmitted to the UE at t0 to schedule an eMBB PUSCH transmission between time t2 and t9 thereby overlapping some of the uplink grant free resources.  Here the eMBB data is transmitted in a DTX (discontinuous transmission) manner.  Between time t3 and t5, UE2 transmits a series of URLLC repetitions using uplink grant free resources.  Since UE1’s eMBB data is transmitted in a DTX manner, some of UE2’s URLLC repetitions would not be interfered with by UE1’s eMBB transmission, thereby improving the reliability of UE2’s URLLC transmission.  It should be appreciated that DTX transmission is only used when the eMBB transmission overlaps grant free resources.  The DTX transmission can be indicated by the gNB in the UL grant or the UE implicitly transmits in a DTX manner whenever the eMBB overlaps grant free resources
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[bookmark: _Ref506397079]Figure 3: eMBB transmitted in a DTX manner

Proposal 5: For inter-UE URLLC and eMBB pre-emption where the URLLC is transmitted using uplink grant free that overlaps the eMBB transmission, the eMBB is transmitted in a DTX manner.

Another alternative is for the gNB to assign URLLC PUSCH with updated transmission parameters (e.g. resource, MCS, transmit power) on grant free resources that are occupied by eMBB PUSCH.  Here, if the gNB schedules a PUSCH, where some of its transmission overlaps grant free resources, the gNB can signal updated transmission parameters for a URLLC UE configured with these grant free resources, using a GC-DCI.  An example is shown in Figure 4 where the gNB configured grant free resources between frequency f1 and f4 for UE2 (URLLC UE). Time-frequency resources and transmission parameters (e.g. MCS, power control parameters) to apply in the configured grant free resources are indicated via RRC signaling for Type 1 and DCI signaling for Type 2. At time t0, the gNB schedules an eMBB UE1 with a PUSCH transmission in the following slot starting at t2 and ending at t9, which overlaps the configured grant free resources between time t2 and t9 and frequency f1 to f2.  At time t2, the gNB signals the updated transmission parameters informing the URLLC UE configured with these grant free resources, i.e. UE2, to avoid a subset of grant free resources (time t2 and t9 and frequency f1 to f2) since it is occupied by UE1 transmitting the eMBB PUSCH. The updated transmission parameters can act as an “override” of the default parameters that were indicated earlier.   Here UE2 transmits PUSCH using these updated transmission parameters avoiding the resources occupied by UE1.
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[bookmark: _Ref521317110]Figure 4: transmission adaptation indicator
[bookmark: _GoBack]Proposal 6: Support the updating of transmission parameters for configured grant free resources that override the default transmission parameters for the portion of a configured UL grant free resource that has been dynamically scheduled for an eMBB PUSCH transmission.

3. Conclusion
In this contribution we discuss remaining issues on UL PI.  We observe the following:
Observation 1: The faster the UL PI processing time relative to PUSCH preparation time N2, the longer the UL PI monitoring is required for the eMBB UE and this would reduce the complexity require for UL PI monitoring.
Observation 2: A sequence based UL PI can be detected in a fraction of a symbol, which is much faster than blind decoding of PDCCH based UL PI.
Observation 3: A sequence based UL PI is far more reliable than a PDCCH based UL PI.
Observation 4: A sequence based UL PI will not increase the PDCCH blind decoding rate of the eMBB UE.
Observation 5: Pre-emption indicator targeting a group of UEs (e.g. carried by a GC-DCI) can lead to “ghost pre-emption” where a victim eMBB UE is wrongly indicated to have been pre-empted leading to unnecessary retransmission.
Observation 6: 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 PRB. 
Observation 7: Unlike in downlink URLLC (PDSCH) which occupies a large frequency bandwidth, the uplink URRLC (PUSCH) is likely to occupy narrower frequency bandwidth and therefore unlikely to pre-empt multiple eMBB PUSCH.

We therefore propose the following:
Proposal 1: The UL PI is transmitted using a sequence.
Proposal 2: The UL PI is UE specific.
Proposal 3: For an eMBB UE monitoring UL PI, a presence of the UL PI sequence means the corresponding eMBB PUSCH is pre-empted and an absence of the UL PI sequence means there is no pre-emption.
Proposal 4: When the eMBB UE PUSCH is indicated as being pre-empted the UE drops the PUSCH transmission or a pre-defined time section of the PUSCH transmission.
Proposal 5: For inter-UE URLLC and eMBB pre-emption where the URLLC is transmitted using uplink grant free that overlaps the eMBB transmission, the eMBB is transmitted in a DTX manner.
Proposal 6: Support the updating of transmission parameters for configured grant free resources that override the default transmission parameters for the portion of a configured UL grant free resource that has been dynamically scheduled for an eMBB PUSCH transmission.
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