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1. Introduction 

In RAN1#94 we agreed on the following on inter-UE UL multiplexing:
· RAN1 to study the potential enhancements for UL inter UE Tx prioritization/multiplexing
· Performance study of the enhanced UL inter UE Tx prioritization/multiplexing mechanisms using Re-15 mechanisms as the performance benchmark

· The use cases and scenarios adopted in L1 enhancements for URLLC are considered for the evaluation of UL inter UE Tx prioritization/multiplexing

· Other factors to be considered such as overhead, capability, etc.

· Study the UE UL cancelation mechanisms, including at least the following aspects

· The potential mechanisms may include UE UL cancelation/pausing indication, UL continuation indication, UL re-scheduling indication

· Physical channel/signal used for the UL cancelation indication 

· UE Processing timeline for the UL cancelation indication

· UE monitoring behaviours for the UL cancelation indication

· UE PDCCH monitoring capability, if the UL cancelation indication is by PDCCH

· Methods to ensure the reliability of the indication for UE UL cancelation

· Study the UL power control enhancements

· Study other enhancements for the multiplexing between a grant-based UL transmission from a UE and a grant-free UL transmission from another UE
This contribution discusses inter-UE uplink pre-emption under grant based and grant free operations.
2. Discussions
2.1 Grant Based
One of the main proposed method for inter-UE UL multiplexing, namely multiplexing of URLLC & eMBB, is to introduce an Uplink Pre-emption Indicator (UL PI), which is targeted at the eMBB UE.  Here, after receiving an UL grant, an eMBB UE would monitor for UL PI, where upon detection of an UL PI, the eMBB UE would stop its PUSCH transmission at least for the duration where the URLLC PUSCH is transmitted.  During the discussion in RAN1#94, concerns were raised that since the UL PI targets the eMBB UE, it would have a significant impact on the complexity of an eMBB UE, because:
1) The eMBB UE would need to monitor the UL PI as often as the scheduling interval of the URLLC UE, i.e. every mini-slot.  In contrast, the Rel-15 eMBB UE is scheduled at a slot level
2) The reliability of the UL PI needs to be as good as that of a PDCCH for URLLC UE, i.e. 99.999% or 99.9999%.  In contrast the expected reliability of PDCCH for Rel-15 eMBB UE is only 99%.
We first investigate the UL PI monitoring interval of an eMBB UE.  Consider the inter-UE PUSCH multiplexing between UE1 (eMBB) and UE2 (URLLC) in Figure 1.  At time t1 (slot n) the gNB sends an UL grant to UE1 scheduling a PUSCH at slot n+2.  Assume that an UL PI is monitored at slot n+1 and that the processing time of an UL PI is NPI which is faster than N2 (processing time of an UL grant), if the UL PI ends at time t4, the UE1 detecting the UL PI can only execute the command to cancel or pause the PUSCH transmission at time t6.  That is, the transmission of UE1’s (eMBB) PUSCH can be muted (changed) using this UL PI for any UL grant transmitted before or during this UL PI where the URLLC PUSCH is scheduled after time t6.  The gNB cannot mute UE1’s PUSCH transmission using this UL PI for a URLLC pre-emption if the UL grant for this URLLC UE (UE2) arrives after this UL PI.  If UE2’s UL grant arrives just after this UL PI at time t4 and assume the processing time for UL grant is N2, then the earliest UE2 can transmit is at time t7 and since the opportunity to transmit an UL PI is already passed, UE2’s URLLC PUSCH transmission would face interference from UE1’s PUSCH transmission if pre-emption occurs.  Hence, it can be observed that the UL PI can have an impact (i.e. change/mute the PUSCH transmission) within a time window between t6 and t7.    
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Figure 1: Impact region of an UL PI

Observation 1: There is an impact region, i.e. a time window, within a PUSCH transmission, in which an UL PI can be used to change (e.g. mute) this PUSCH transmission after it has been scheduled.
The UL PI monitoring periods can be placed in time locations such that their aggregated impact regions cover the entire eMBB PUSCH transmission.  Consider the UL PI monitoring periods in Figure 2.  If an UL PI ends at time t4, assuming that NPI = 6 OFDM symbols (which is less than N2), then it would be able to execute the UL PI command at the start of the eMBB PUSCH transmission in slot n+2.  It can be observed that there is no point having UL PI monitoring period prior to this UL PI (i.e. before time t3).
Observation 2: The first UL PI can start NPI (UL PI processing time) prior to the start of the eMBB PUSCH transmission.
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Figure 2: UL PI monitoring periods
Referring to Figure 2 again, an UL grant for URLLC UE that ends at time t9 (labelled as UG2) can transmit at the earliest at time t11 (after N2 processing time), where the eMBB PUSCH transmission has already ended.  Hence we only need a last UL PI monitoring period to cover the last part of the eMBB PUSCH transmission.  To have a contiguous impact region, the periodicity of the UL PI, PPI = N2- NPI + TU-DCI, where TU-DCI is the duration of the UL grant (PDCCH) for the URLLC UE, which we assume is 2 OFDM symbols.  For N2=10 OFDM symbols, PPI is 6 OFDM symbols, that is, the eMBB UE need only monitor an UL PI every 6 OFDM symbols instead of every mini-slot.
Observation 3: The periodicity of the UL PI monitoring period can be larger than the scheduling interval of URLLC (mini-slot) whilst still able to mute a scheduled eMBB PUSCH at any point during its transmission.

Similar to N2, the processing time for an UL PI NPI can be specified and hence known to both gNB and UE.  The gNB can therefore configure the UL PI monitoring periods for eMBB UE such that the impact regions of these UL PI cover the entire eMBB PUSCH transmission.  Some of these parameters, e.g. first UL PI, can be implicitly determined by the UE.  
Proposal 1: If UL PI is specified, the UL PI monitoring parameters, i.e. first UL PI, periodicity and last UL PI, are configured implicitly or explicitly by the network.

The proposed behaviour of the UE upon receiving an UL PI is to cancel the entire eMBB PUSCH transmission or mute specific parts of the transmission.  In both cases, a single bit is sufficient to indicate this, which can be made highly reliable with lots of redundancy bits.  The UL PI can be reduced to a simple sequence similar to a Wake Up Signal (WUS) used in eMTC and NB-IoT, which requires only a correlator thereby allowing a fast processing time, i.e. a shorter NPI (which gives a longer UL PI periodicity PPI).  The presence of this sequence means there is a pre-emption and the eMBB UE cancels or mute a known part of the scheduled eMBB PUSCH transmission and the absence of this sequence means there is no pre-emption.
Observation 4: The UL PI requires only 1 bit, which can be implemented as a sequence that can have high reliability and short processing time.
Proposal 2: The UL PI is implemented as a sequence, where an UL pre-emption is indicated if this sequence is detected.  The absence of this sequence indicates no UL pre-emption.
Proposal 3: The UE detecting an UL PI sequence would cancel its PUSCH transmission or mute a pre-defined time period of its PUSCH transmission.
2.2 Grant Free

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 [1], we propose 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 2.  Here, an eMBB transmission is scheduled for UE1 at time t0 where the scheduled eMBB transmission overlaps some uplink grant free resources.  Here the eMBB data is transmitted in a DTX (discontinuous transmission) manner.  Between time t4 and t6, 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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Figure 2: eMBB transmitted in a DTX manner

Proposal 4: 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.

As proposed in [2], 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.  An example is shown in Figure 3 where the gNB configured grant free resources between frequency f1 and f4 for UE2 (URLLC UE). The configuration is an RRC configuration and includes default resources and transmission parameters (e.g. MCS, power control parameters) to apply in the configured grant free resources. At time t0, the gNB schedules an eMBB UE1 with a PUSCH transmission in the following slot starting after the PDCCH in t1 and ends at t6, which overlaps the configured grant free resources between time t1 and t6 and frequency f1 to f2.  The gNB signals the updated transmission parameters informing the URLLC UE configured with these grant free resources, i.e. UE2, to use these updated transmission parameters for PUSCH using the subset of grant free resources (time t1 and t6 and frequency f1 to f2) occupied by the UE1 transmitting the eMBB PUSCH. The updated transmission parameters can act as an “override” of the default parameters that were RRC-configured earlier.   Here UE2 transmits PUSCH using these updated transmission parameters.
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Figure 3: transmission adaptation indicator
Proposal 5: 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 considerations on inter-UE UL multiplexing for grant based and grant free PUSCH transmission.  We observe the following:

Observation 1: There is an impact region, i.e. a time window, within a PUSCH transmission, in which an UL PI can be used to change (e.g. mute) this PUSCH transmission after it has been scheduled.

Observation 2: The first UL PI can start NPI (UL PI processing time) prior to the start of the eMBB PUSCH transmission.

Observation 3: The periodicity of the UL PI monitoring period can be larger than the scheduling interval of URLLC (mini-slot) whilst still able to mute a scheduled eMBB PUSCH at any point during its transmission.

Observation 4: The UL PI requires only 1 bit, which can be implemented as a sequence that can have high reliability and short processing time.
We propose the following:
Proposal 1: If UL PI is specified, the UL PI monitoring parameters, i.e. first UL PI, periodicity and last UL PI, are configured implicitly or explicitly by the network.

Proposal 2: The UL PI is implemented as a sequence, where an UL pre-emption is indicated if this sequence is detected.  The absence of this sequence indicates no UL pre-emption.

Proposal 3: The UE detecting an UL PI sequence would cancel its PUSCH transmission or mute a pre-defined time period of its PUSCH transmission.

Proposal 4: 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 5: 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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