[bookmark: _Toc436619014][bookmark: _Toc436619251][bookmark: _Toc451844181][bookmark: _Toc466346620][bookmark: _Toc466348853][bookmark: _Ref32174880][bookmark: _Ref32174894][bookmark: _Toc33937155][bookmark: _Toc33937288][bookmark: _Toc64436179][bookmark: _Toc201556294]3GPP TSG RAN WG1 Meeting #92bis	R1-1804600
Sanya, China, April 16th – 20th, 2018
Agenda Item:	7.2.4
Source: 	Sony 
Title:	Considerations on UL pre-emption
Document for:	Discussion / decision
1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#92 we agreed the following:
· Study the options to support dynamic resource sharing between eMBB UL and URLLC UL from different UEs (comparing with existing techniques)
· Option 1: eMBB UE cancels UL transmission when an indication is detected. Details to be discussed/clarified
· UE processing timeline for cancelation
· UE monitoring periodicity
· Group common or UE specific signalling (including the possibility to use eMBB scheduling DCI)
· reliability of indication
· Any impact due to timing advance
· Option 2: UL power control. URLLC UE transmits over the same resource with eMBB UE transmission. The transmission power for URLLC UL is boosted and/or transmission power for eMBB UL is reduced. Details need to be discussed/clarified
· Performance impact to eMBB/URLLC transmission
· How to signal the URLLC transmission power boosting
· How to signal the eMBB transmission power reduction after UL grant
· UE monitoring periodicity
· Processing timeline
· Feasibility of changing eMBB Tx power during the transmission 
· reliability of indication
· Any impact due to timing advance
· Other options including gNB receiver interference cancelation schemes are not precluded
· Aspects to be included in the study
· Processing timeline for grant-based procedure for URLLC in UL
· Applicability of the options to TDD and/or FDD can be studied
· Cases for GB-based & GF-based

The issues with URLLC and eMBB multiplexing can be divided into 4 scenarios:
· Intra-UE multiplexing where URLLC is grant based
· Intra-UE multiplexing where URLLC is grant free based
· Inter-UE multiplexing where URLLC is grant based
· Inter-UE multiplexing where URLLC is grant free based
This contribution will discuss URLLC & eMBB multiplexing in all these four scenarios.
2. Discussions
2.1 Intra-UE Multiplexing
2.1.1 Grant Based URLLC
The uplink eMBB transmission is likely scheduled by an UL grant.  If grant based URLLC is also configured for an eMBB UE, then we would expect the UE to be scheduled at the mini-slot level.  For such an operation, the gNB can easily avoid the need for a grant based URLLC transmission to pre-empt an ongoing eMBB transmission by scheduling both eMBB and URLLC at the mini-slot level.
Observation 1: Intra-UE grant based uplink pre-emption of an ongoing eMBB transmission by a grant based URLLC transmission can be avoided via mini-slot level scheduling.

However, if overhead is a concern and eMBB is scheduled at slot level, then a straight forward method is to terminate the eMBB transmissions whenever the UE receives an UL grant for a mini-slot (i.e. URLLC) transmission.
Proposal 1: For eMBB scheduled at slot level, the eMBB transmission is terminated if the UE receives an UL grant for a mini-slot PUSCH.

2.1.2 Grant Free Based URLLC
An eMBB transmission scheduled at the slot level can be pre-empted by one or more uplink grant free URLLC transmissions.  Figure 1 shows an example where there is an uplink eMBB transmission scheduled by a DCI at time t0 and during the eMBB transmission, the UE needs to transmit URLLC using grant free resources at time t1. Here the URLLC transmission is repeated K times (K=4). 
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[bookmark: _Ref506390767]Figure 1: eMBB pre-empted by grant free URLLC

Observation 2: An intra-UE uplink grant based eMBB transmission can collide with an uplink grant free URLLC transmission.

A grant free transmission can be repeated up to 8 times and can start its transmission depending on the OFDM symbol and the configured RV sequence.  Consider an RV sequence of {0, 0, 0, 0} for a K=4 repetition.  In this scenario, the uplink grant free URLLC can occur at any time during the grant free transmission occasion.  Hence, it is possible that an ongoing grant free URLLC repetition can be pre-empted by another grant free URLLC transmission as shown in Figure 2.  Here an uplink grant free URLLC transmission starts at time t0 with K=4 repetitions.  At time t1, the UE needs to transmit another URLLC packet using grant free resources, thereby causing a collision with the earlier URLLC repetitions.
[image: ]
[bookmark: _Ref506391636]Figure 2: Grant free URLLC repetition pre-empted by another grant free URLLC

Observation 3: Intra-UE uplink grant free URLLC repetitions can collide with another grant free URLLC transmission.

In the eMBB collision with grant free URLLC, the priority should be given to the grant free URLLC transmission.  The eMBB transmission can be terminated followed by a retransmission.  For example in Figure 3, an eMBB transmission is scheduled at time t0 but at time t1, the UE needs to transmit an URLLC packet using grant free transmission.  Here the UE terminates the eMBB transmission at time t1 so that it can start its URLLC transmission.  At time t2, the gNB schedules a retransmission for the previously terminated eMBB transmission.  An alternative is for the UE to pause the eMBB transmission and resume this transmission after the grant free URLLC repetition is completed as shown in Figure 4.  Here instead of terminating the eMBB transmission at time t1, the UE pauses the eMBB transmission so that it can start the URLLC repetition.  The UE then resumes the eMBB transmission at time t2.  If the gNB fails to decode the eMBB transmission, it can send a retransmission e.g. at time t3.
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[bookmark: _Ref506393051]Figure 3: Terminate eMBB transmission with a retransmission
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[bookmark: _Ref506393424]Figure 4: Pause eMBB transmission and resume after URLLC transmission is completed

For the grant free URLLC repetition colliding with another grant free URLLC transmission, the same mechanism as that described for eMBB can be used.  However, here we do not think there is a need to resume transmission of the earlier URLLC repetitions, since the URLLC transmission is supposed to be low latency and we would expect that the first transmission of the URLLC packet will be received with reasonably high reliability.  That is, an earlier grant free URLLC repetition is terminated when it is pre-empted by another (later) grant free URLLC transmission as shown in Figure 5.  Here URLLC 1 is transmitted at time t0 with repetition K=4 but within the transmission occasion another URLLC packet (URLLC 2) is transmitted, thereby pre-empting URLLC 1’s repetition.  Here URLLC 1 repetition is terminated and URLLC 2 transmission continues until the end of the transmission occasion.
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[bookmark: _Ref506393791]Figure 5: Terminate earlier URLLC transmission

We prefer a single mechanism to handle both eMBB and URLLC pre-emption by an uplink grant free URLLC transmission.  That is whenever an uplink grant free URLLC transmission pre-empts an ongoing transmission (eMBB or URLLC repetition), the earlier transmission is terminated so that the later URLLC transmission can proceed.
Proposal 2: For intra-UE pre-emption, when an earlier ongoing (eMBB or URLLC repetition) is pre-empted by a later grant free URLLC transmission, the earlier transmission is terminated and the later grant free URLLC transmission will proceed.

In [1], it is proposed that the grant free URLLC transmission can use the resources originally scheduled for the eMBB transmissiom, since the resource is already scheduled for the UE.  However, the gNB is not aware when a UE would use the grant free resources and hence will also not be aware if part of the eMBB transmission would be used instead for URLLC.  Since the gNB is unaware of the sudden change in transmission, it would fail to detect the URLLC unless the gNB continuously blind decoded for a possible URLLC transmission in every eMBB transmission.  Hence, this method is not recommended.
Observation 4: Since the gNB is unaware when a UE may use the grant free resource for URLLC transmission, transmitting a grant free URLLC transmission using resources originally granted for eMBB would require the gNB to blind detect for possible URLLC or mini-slot transmission for every scheduled eMBB transmission. 

2.2 Inter-UE Multiplexing
2.2.1 Grant Based URLLC
Figure 6 shows an eMBB transmission that is scheduled by an uplink grant for UE1 at time t0 where the eMBB transmission would occur in the following slot at time t2.  At time t3, a URLLC transmission is scheduled for UE2 thereby pre-empting the ongoing transmission of UE1.  The gNB can perform interference cancellation to receive both UE1’s eMBB and UE2’s URLLC transmission.  However, if this is not feasible, then the latest opportunity for the gNB to indicate a Pre-emption Indicator (PI) to UE1 is to use the PDCCH at time t2.  However, this would require that the gNB knew of UE2’s URLLC transmission prior to time t2, that is the gNB would need to receive an SR from UE2 for an uplink grant for its URLLC transmission before time t2, e.g. at time t1 in Figure 6.
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[bookmark: _Ref506394831]Figure 6: UE1's eMBB transmission pre-empted by UE2's URLLC transmission
Observation 5: A Pre-emption Indicator can only be transmitted to an eMBB UE if the gNB receives an SR prior to the slot (PDCCH) where the eMBB is transmitted.

The PI can indicate to the UE to pause its eMBB transmission and to resume after the pre-emption is completed [2], [3] as shown in Figure 7.  Here the PI is transmitted using the PDCCH at time t2 to indicate to the UE to pause its transmission between time t3 and t4.  Alternatively, the gNB can just indicate to the UE to terminate its eMBB transmission prior to time t3 and retransmit the eMBB data in a later slot as shown in Figure 8.  We prefer a consistent mechanism, i.e. similar to that in the intra-UE case, where the eMBB transmission is terminated.
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[bookmark: _Ref506395998]Figure 7: PI to indicate Pause & Resume command to eMBB UE
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[bookmark: _Ref510543322]Figure 8: PI to terminate eMBB transmission

Proposal 3: For grant based inter-UE URLLC and eMBB pre-emption, a Pre-emption Indicator (PI) can be transmitted with a DCI using a PDCCH prior to the transmission of the eMBB data to terminate its eMBB transmission prior to the URLLC pre-emption.

In RAN1#92, for example in [4], it is proposed that the PI indicates a power reduction on the eMBB transmission.  It is also proposed for example in [5] that the power of the URLLC is increased.  Increasing the URLLC power and reducing the eMBB power would just cause high interference to the eMBB transmission and it may be better to just terminate the eMBB transmission.  Increase in power would also causes spikes of inter-cell interference.  Hence, we do not see much benefit in manipulating the power control.
Observation 6: Increasing URLLC transmission power and/or reducing eMBB transmission power would lead to poor SNR for the eMBB transmission and cause spikes of inter-cell interferences.

2.2.3 Grant Free Based URLLC
An eMBB transmission can also be pre-empted by an uplink grant free URLLC transmissions repetitions similar to the scenario shown in Figure 1 but here the URLLC is from another UE.  It is difficult to use a PI in this scenario since the gNB does not know when the UE would pre-empt the eMBB transmission using uplink grant free resources.  However, the gNB can indicate to the eMBB UE to transmit in a DTX manner when the eMBB transmission overlaps grant free resources.  For example, Figure 9 shows an eMBB transmission 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 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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[bookmark: _Ref506397079]Figure 9: eMBB transmitted in a DTX manner

[bookmark: _GoBack]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.

3.   Conclusion
In this contribution we observe the following:
Observation 1: Intra-UE grant based uplink pre-emption of an ongoing eMBB transmission by a grant based URLLC transmission can be avoided via mini-slot level scheduling.
Observation 2: An intra-UE uplink grant based eMBB transmission can collide with an uplink grant free URLLC transmission.
Observation 3: Intra-UE uplink grant free URLLC repetitions can collide with another grant free URLLC transmission.
Observation 4: Since the gNB is unaware when a UE may use the grant free resource for URLLC transmission, transmitting a grant free URLLC transmission using resources originally granted for eMBB would require the gNB to blind detect for possible URLLC or mini-slot transmission for every scheduled eMBB transmission. 
Observation 5: A Pre-emption Indicator can only be transmitted to an eMBB UE if the gNB receives an SR prior to the slot (PDCCH) where the eMBB is transmitted.
Observation 6: Increasing URLLC transmission power and/or reducing eMBB transmission power would lead to poor SNR for the eMBB transmission and cause spikes of inter-cell interferences.

We therefore propose the following:
Proposal 1: For eMBB scheduled at slot level, the eMBB transmission is terminated if the UE receives an UL grant for a mini-slot PUSCH.
Proposal 2: For intra-UE pre-emption, when an earlier ongoing (eMBB or URLLC repetition) is pre-empted by a later grant free URLLC transmission, the earlier transmission is terminated and the later grant free URLLC transmission will proceed.
Proposal 3: For grant based inter-UE URLLC and eMBB pre-emption, a Pre-emption Indicator (PI) can be transmitted with a DCI using a PDCCH prior to the transmission of the eMBB data to terminate its eMBB transmission prior to the URLLC pre-emption.
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.
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