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Introduction
In the RAN1#92 meeting, the handling UL multiplexing of transmission with different reliability requirements were discussed and the following agreements for inter-UEs were made [1]:
Agreements:
· 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
In this contribution, we further discuss the UL multiplexing of transmission with different reliability requirements, including both between different UEs and within the same UE. 
UL multiplexing between different UEs
The two options for UL multiplexing for inter-UEs agreed in RAN1#92, i.e. UL PI based solution and UL power control based solution are analyzed in this section. 
2.1 UL PI based solution
For the UL PI based solution, the eMBB UE should stop/cancel/puncture its uplink transmission when an UL preemption indicator (UL PI) is detected. In this case, two basic concepts should be defined firstly. The first one is the timing (denoted as “T”) between the UL PI transmitted (starting or ending symbol where the UL PI located) and the UE should stop/cancel/puncture its transmission. The other one is the resource regions that the UE should not transmit on, which is somewhat similar to the reference downlink resource (RDR). We call it as reference uplink resource, e.g., RUR, in this contribution. Figure-1 gives an illustration of above mentioned definitions.
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Figure-1: Illustration of the definition of “T” and “RUR”
Note that the processing timeline for URLLC UE and eMBB UE may be significantly different, and in order to make the UL PI mechanism workable, the timing T should be as small as possible. That is, T should at least be equal or smaller than the timing between the UL grant and PUSCH transmission for URLLC UE. If the TAs for both eMBB UE and URLLC UE are taken into account (not illustrated in Figure 1), the timing T may need to be even smaller. It would be a great challenge for eMBB UEs to process the UL PI in such a short time. Of course, there may not be a concern for UEs which support both eMBB and URLLC, but there are still some other UEs that can only support eMBB. Thus for those UEs, there may not be enough time for them to process the UL PI before they should stop/cancel/puncture their PUSCH transmission. 
Observation 1:  The timing between the UL PI transmitted and the UE should stop/cancel/puncture its transmission (T) should at least be equal or smaller than the timing between the UL grant and PUSCH transmission for URLLC UE.
If UL PI is introduced in NR, there are mainly two different ways to signaling the timing T and RUR to support the UL PI.
Alt-1:  Both the timing T and RUR are higher layer configured or predefined
Alt-2: The timing T and/or RUR are indicated dynamically. 
For Alt-2, the timing and the RUR can be more flexibly indicated at the cost of higher DCI overhead. But such flexibility seems not so necessary from our point of view. Also, it is contradictory to the effort on compact DCI Therefore, Alt-1 is more preferred. 
Proposal 1: The timing T and the reference uplink resource for PI are higher layer configured, where T is the timing between the UL PI transmitted and the UE should cancel its transmission
In the following, we give more considerations on Alt-1, taking into account the relationship between the UE monitoring periodicity (P) and the time granularity of RUR (RUR_T), and the UE capability of non-continuous transmission within a slot. 
In Figure-2, an example with P=1 mini-slot and RUR_T = 1 slot is given. As shown, at or before the time t1 and t2, gNB schedules two URLLC UEs, UE4 and UE5 respectively. Then, gNB transmits two PI to eMBB UE1, UE2 and UE3 at t1 and t2. As for the UL PI content, one alternative is to use 1-bit per UE to indicate whether the UE shall cancel its transmission. This is similar to DCI format 2-2. 
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Figure-2: UL PI with 1-bit indication per UE and slot-based RUR
Correspondingly, the content of UL PI transmitted is given in Table 1. As shown, the UL PI should be set to “100” for UE1, UE2 and UE3 respectively when transmitted at t1, while should be set to “X11” when sent at t2. Here, “X” means it could be either “1” or “0”. Since the PI for UE1 has been set to “1” at t1, the UE1 should stop its transmission no later than t3, then it will make no difference for UE1 by setting UL PI to “1” or “0” at t2. Note that the UL PI for UE 2 and UE3 will change in different PI transmission opportunities and the later one should override the previous. This is because gNB is not able to predict the later scheduling of URLLC at the moment when it sends UL PI. This makes the UEs keep monitoring UL PI in every PI transmission occasions. 
Table-1: Per-UE based UL PI (DCI format 2-2 like)
	
	UE1
	UE2
	UE3

	t1
	1
	0
	0

	t2
	X
	1
	1


[bookmark: _GoBack]If the UE has no capability of non-continuous transmission within a slot, the UE shall stop its whole or remaining PUSCH transmission once it receives an UL PI indicating “1”.  Otherwise, in case the RUR_T is configured to be much shorter than the duration of an eMBB transmission, the UE only need to drop the transmission on the colliding time domain symbols which indicated by the UL PI. 
Considering eMBB UE may also transmit PUCCH or SRS in the indicated RUR region, eMBB shall also cancels the transmission of PUCCH and SRS in this case. 
Proposal 2: For UL PI based design, it is preferred to use 1-bit indication per UE to inform whether eMBB UE shall cancel UL transmission.
· UL transmission includes eMBB PUSCH, PUCCH and SRS.
· Depends on UE capability whether the UE shall stop its whole/remaining transmission, or only need to drop the transmission on the colliding symbols indicated by UL PI.
2.2 UL Power Control based solution
There are two folds for the UL power control based solution. If the power control is targeted for URLLC UE only, it should be a gNB implementation issue. No specification efforts are needed. But if one of the power control is targeted for eMBB UE, the problems mentioned in the introduction sections should be considered. In our opinion, if the power control is performed based on some kind of dynamic signaling, it may fall into the scope of signaling based solution, which it is similar to the UL PI based solution. The difference between them is the content of the signaling indicated, i.e., one indicates the preemption, and the other indicates the transmission power. Stopping/puncturing transmission can be viewed as a special case of power control where the transmission power is set to zero. But considering that the power control mechanism may be a little more complex than the PI mechanism, we may not need duplicate functions for the same problem. Therefore, if UL PI is introduced, dynamic signaling based UL power control (other than the power control in a new UL grant) may be not needed. 
Besides the signaling based solution, we think implementation based solutions should also be considered as a complementary. The transmission of URLLC UE is transparent for eMBB UE. When URLLC UE and eMBB UE share the same resource, SIC receiver can be adopted by gNB to differentiate the two traffics. Also, MU-MIMO can be used to perform spatial multiplexing. Also, semi-static power control should also be applied for configured grant URLLC transmission. 
2.3 UL TA consideration
The preemption will be performed on multiple eMBB UEs. For DL preemption, it is clear that UE preemption can be taken into effect once it received the indication. All the eMBB UEs received that can do the same process. For UL preemption the preemption indication should consider the eMBB UE with the largest TA value. The indication should be well before that TA value. An example could be: an eMBB UE is in far end of the coverage with largest TA value and a URLLC UE is close to the gNB. Thus, the preemption indication has to be sent numbers of symbols before the corresponding URLLC grant sent. 
This draws several different designs in UL PI, comparing with its DL counterpart. gNB scheduler should take all the punctured eMBB UEs into account for configuration of the timing of indication. Since the PI timing is different to URLLC HARQ timing, the time granularity should not necessary to be same. But, the PI monitoring periodicity should be smaller as possible to avoided longer latency caused by PI indication. This extend latency is due to gNB have to fixed the scheduling decision before the PI transmitted. Also, we could consider an individual indication scheme to mitigation that impact.
UL Multiplexing for the same UE
If UL multiplexing of transmission with different reliability requirements is within the same UE, this problem is equivalent to define the priorities among different transmissions. The section focuses on the data transmission only, and the multiplexing of data and UCI is discussed in our accompany contribution [2].
In the last RAN1 #92 meeting, there was a draft proposal [1]:
Draft Proposal 1 
· In case a URLLC UL transmission scheduled by a later received UL grant overlaps in time with an eMBB UL transmission scheduled by an earlier received UL grant, UE follows the later received UL grant to proceed the URLLC UL transmission and cancels the eMBB UL transmission. 
We agree this proposal. 
And a remaining issue may be the case when a configured URLLC transmission collides with the scheduled eMBB transmission. First of all, for grant-free URLLC transmission, the resources used for transmission is RRC configured. In this case, gNB should avoid scheduling an eMBB transmission in the slot or mini-slot collided with the configured URLLC resources, as shown in Figure-3(a).Otherwise, as shown in Figure-3(b), we think the configured resource for URLLC transmission should take higher priority over the scheduled eMBB transmission. This is because the configured resource may be more appropriate for URLLC transmission.
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(a)  gNB should avoid scheduling an eMBB transmission collided with the configured URLLC resources
[image: ]
(b) URLLC transmission has high priority over the scheduled eMBB transmission.
Figure 3. The collision avoidance for eMBB scheduling and overbidding by URLLC scheduling
Proposal 3: URLLC data transmission in configured resource is prioritized over the eMBB data transmission in case of collision.
Conclusion
In this contribution, handling of UL transmission with different reliability requirements is discussed. In summary, we propose:
Proposal 1: The timing between the UL PI transmitted (starting or ending symbol where the UL PI located) and the UE should stop/cancel/puncture its transmission and the Reference Uplink Resource for PI are higher layer configured.
Proposal 2: For UL PI based design, it is preferred to use 1-bit indication per UE to inform whether eMBB UE shall cancel UL transmission.
· UL transmission includes eMBB PUSCH, PUCCH and SRS
· Depends on UE capability whether the UE shall stop its whole/remaining transmission, or only need to drop the transmission on the colliding symbols indicated by UL PI.
Proposal 3: URLLC data transmission in configured resource is prioritized over the eMBB data transmission in case of collision.
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