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Introduction
In RAN1 94 and 94bis, some agreements on UL inter UE Tx prioritization and multiplexing were achieved in the following [1] [2]:
Agreements:
· 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
Agreements:
· Potential UL power control enhancements are to be studied further:
· Enhanced dynamic power boost for URLLC UE
· Dynamic change of power control parameters, e.g. P0, alpha without SRI configured
· Enhanced TPC, e.g. increased TPC range, finer granularity
· Currently, the need of URLLC UE power change during one transmission instance is not envisioned
· Study the Enhanced dynamic power boost for URLLC UE, including at least the following aspects
· Feasibility of boosting UE power in power limited or interference limited scenarios
· Physical channel/signal used for the signalling 
· UE Processing timeline for the signalling
· UE monitoring behaviours for the signalling
· UE PDCCH monitoring capability, if the signalling is by PDCCH
· Methods to ensure the reliability of the signalling
· Type of gNB receiver should be reported
· Note:
· Other power control enhancements are not precluded. 
· No change of eMBB UE power control scheme is assumed in this study.
In this contribution, we shall focus on UL inter UE Tx prioritization and multiplexing, including preemption and power control. This contribution updates simulation result based on R1-1812819
Preemption for grant based transmission
Grant free mechanism reduces resource request process and transmits data promptly. However, grant free consumes lots of time frequency resource, which is low efficiency and may lead inter-UE interference due to non-orthogonal resource allocation. So other low latency technics should be considered to improve system efficiency. Multiple SR configuration specified in Rel 15 is benefit to reduce resource request process and preemption indication make prompt schedule work well. So preemption indication should be studied in Rel16. Some preemption technics have been summarized in agreement in 94 and further analysis is discussed in the following.
1.1 UL cancelation indication
Physical channel/signal 
DL preemption indication can be a start point. But due to UL preemption indication is used to stop uplink transmission promptly, which has different character: 
1) UL preemption indication should be low latency and occur before URLLC transmission. While DL preemption is used to flush buffer, which can endure latency to some extend and can be indicated after URLLC transmission. Therefore, uplink preemption indication should be more frequent than DL preemption indication.
2) UL preemption indication should be high reliability due to it impacts URLLC reliability. While DL preemption has relatively lower reliability requirement due to it impacts eMBB reliability.
Respond to the above character of UL preemption indication, physical channel/signal design requirement for UL preemption indication is: 
1) Low processing timeline and complexity
To reduce impact on eMBB, low processing timeline is required to reduce monitoring frequency and low complexity is required to reduce additional complexity on eMBB.
2) Small information payload
Due to UL preemption indication periodicity is very short to promptly stop eMBB transmission. Preemption range indicated by UL preemption indication is very short too. For example, when UL preemption indication periodicity is 4 symbols, which is similar even larger than CORESET periodicity for URLLC, the preemption range is 4, as shown in Figure 1. 
If timing relationship between UL preemption indication and the start symbol of transmission cancellation is predefined, then 1 bit is enough for UL preemption indication to indicate ON/OFF.

 
Figure 1 UL Preemption indication
3) High reliability
Due to miss and wrong detection of UL preemption indication leads interference on URLLC, Error probability of UL preemption indication, including miss and wrong detection, should be low. However, false alarm of UL preemption indication leads unnecessary eMBB transmission cancelation, which impact eMBB transmission efficiency. Therefore, moderate false alarm, e.g 1%, is enough for UL preemption indication.
Then, Group common DCI and sequence based signaling are evaluated in terms of reliability and complexity. Figure 2(a) and Figure 2(b) shows performance of group common DCI and sequence based signaling varying with SNR and SINR separately. Link level simulation assumption agreed in 94bis [2] is applied, as shown in Table A-1. Small payload, e.g 4 bit is assumed due to preemption range indicated by UL preemption is usually very short as discussed in above section. From simulation result, we can see that:
1) Only noise is modeled, sequence based signaling provide 5dB, 4dB and 2dB gain than group common DCI when false alarm is 0, 10^-2 and 10^-7. 
2) Both noise and Interference are modeled, sequence based signaling still provides 3dB gain than group common DCI when false alarm is 10^-2 for aggregation level 2 and 4.
The loss for DCI is due to overdesign and longer CRC. Therefore, for small payload and moderate false alarm, Sequence based signaling is more suitable.  Even considering middle payload, sequence based signaling can be extended by multiple sequence groups. 
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Figure 1 Performance of sequence based signaling and group common DCI
Observation1 For small payload and moderate false alarm, sequence based signaling provides better performance and about 3-5dB gain.
Observation2 24-bit CRC of DCI is overdesign for small payload and moderate false alarm.
Group common DCI and sequence based signaling are compared in terms of detection complexity, specification complexity and implementation complexity in table 1.
Table 1 comparison between sequence-based signaling and group common DCI
	Comparison between Sequence based signaling and Group common DCI

	
	Sequence based signaling
	Group common DCI

	Detection complexity
	Easy 
· Uncorrelated detection
· Predefined resource
	Complex
· ChanEst and decoding
· Blind decoding

	Specification complexity
	Reuse PUCCH format 0 design
	Increase PDCCH detection capability

	Implementation complexity
	Additional module for sequence detection
	Increase PDCCH detection capability



Obeservation3 Sequence based signaling is easier and faster to detect and has limited specification and implementation impact. 
Observation 4 Group common DCI still has specification and implementation impact, e.g increase PDCCH detection capability.
Proposal 1: Both sequence based signaling and group common DCI can be considered to indicate UL preemption.
UE Processing timeline 
To stop eMBB transmission, detecting preemption indication and reaction to preemption indication need to be performed. 
For detecting preemption indication, if simplified preemption indication in the above section, sequence based signaling, is applied, processing timeline for detection preemption indication is smaller than PDCCH detection.
For reaction to preemption indication, if transmission cancellation is performed by RF chain only, then ON/OFF time mask defined in 38.101(10us) [3] can be referred as processing timeline for reaction to cancelation indication. It is also smaller than PUSCH preparation time (N2).
Observation 5 The processing time to stop eMBB transmission is shorter than the processing time for URLLC to decode PDCCH and prepare PUSCH.
· If sequence based signaling is applied, processing timeline for detection preemption indication is smaller than PDCCH detection.
· If transmission cancellation is performed by RF chain only, then ON/OFF time mask defined in 38.101(10us) can be referred as processing timeline for reaction to cancelation indication.
UE monitoring behavior and capability
To stop eMBB transmission promptly, frequent monitoring for UL preemption indication is required. However, if processing timeline to stop eMBB transmission is shorter than processing timeline for URLLC to decode PDCCH and prepare PUSCH, then UL preemption monitoring periodicity can be larger than CORESET periodicity for URLLC. For example, if processing timeline to stop eMBB transmission is 1 symbol while processing timeline for URLLC to decode PDCCH and prepare PUSCH is 5 symbol (N2 for capability 2), then  when CORESET periodicity for URLLC is 2 symbols, then UL preemption indication periodicity is 6 symbols, as shown in Figure 2.


Figure 2 Illustration for UL preemption indication monitoring periodicity
In addition, monitoring UL preemption indication is conditional. For example, only when UE transmit PUSCH, the UE perform UL preemption monitoring. Otherwise, UE is not necessary to monitor UL preemption indication.
Observation 6: To stop eMBB transmission promptly, frequent monitoring for UL preemption indication is required, however
· Short processing timeline to stop eMBB transmission can relax frequency of UL preemption monitor.
· UL preemption monitoring is conditional, not always.
1.2 UL continuation indication
UL continuation indication is very similar to UL cancelation indication but delivers to UEs information that the scheduled transmission continues. It can avoid impact from miss detection, but has false alarm issue, which also leads to URLLC service degradation, In addition, UL continuation indication typically consumes more monitoring occasions.
Observation 7: UL continuation indication is very similar to sequence based signaling but require low false alarm.
1.3 UL re-scheduling indication
Obviously, preemption part needs to be retransmitted later, UL grant for transmission of preemption part is necessary. Therefore, UL grant for re-scheduling can be reused as preemption indication. It could avoid additional signaling design and overhead. 
Physical channel/signal
Generally, UL grant for re-scheduling can be reused as preemption indication directly. However, considering partial preemption cases shown in Figure 3, some enhancements may be discussed. For partial preemption case, there are two schemes for retransmission.


Figure 3 Partial preemption 
Scheme 1: All data retransmit, as shown in Figure 4. For this case, link adaptation can be supported for retransmission. But preemption part and retransmission part is different, so preemption part may need to be indicated in UL grant in addition.



Figure 4 UL re-scheduling indication (All data retransmit)
Scheme 2: Only preempted data retransmit, as shown in Figure 5. For this case, link adaptation can be supported only when retransmission part is made up of integrated CBG(s). However, preemption resource is indicated in terms of time frequency resource, which cannot make sure that preemption part is always made up of integrated CBG(s). So preemption indication needs to be optimized.


Figure 5 UL re-scheduling indication (Only preempted data retransmit)

UE Processing timeline
To stop eMBB transmission, monitoring UL grant for rescheduling and reaction to preemption need to be performed. However, the processing time to stop eMBB transmission is still shorter than the processing time for monitoring UL grant and preparation for uplink data transmission. In addition, UL grant is also used for retransmission, so scheduling time for retransmission needs to be considered before UL grant transmits from gNB.
UE monitoring behavior and capability
For UL grant, PDCCH blind decoding is inevitable. In addition, to avoid interfering URLLC UE, mini-slot level monitoring is necessary. For UE supporting both eMBB and URLLC, mini-slot level monitoring is nature. However, for UE supporting eMBB only, mini-slot level monitoring leads much workload and power consumption, even some eMBB UE is not capable of monitoring preemption signaling. 
Proposal 2: UL grant for re-scheduling can be reused as preemption indication, which can avoid additional signaling design and overhead.
Preemption for grant free transmission
As mentioned before, grant free mechanism is low efficiency. For example, in one grant free resource, lower MCS level, such as QPSK and 1/3 code rate is assumed to meet reliable transmission and 2-symbol duration is assumed to meet low latency. To improve transmission efficiency of grant free, DMRS structure with largest orthogonal port, such as 6 is assumed, then only one symbol in 2-symbol can be used for data transmission.  Then to support 32 bytes (URLLC typical traffic size) transmission, 32 (32*8*3/2/12) PRB needs to be reserved. It means that for 20M system with 100 PRB, 32% resource is reserved for 6 UE, of which traffic does not always occur. 
Therefore, efficiency improvement on grant free is necessary. One solution is multiplexing of grant free transmission and grant based transmission. Different from grant based transmission; grant free transmission is not expectable for gNB. Therefore, how to predict grant free transmission is an issue.
Observation 8: Grant free mechanism is low efficiency and efficiency improvement is necessary.
Proposal 3: Multiplexing of grant free transmission and grant based transmission is one effective way to improve efficiency of grant free mechanism.
One solution is that SR is transmitted before data in grant free to indicate that grant free resource will be used, as shown in Figure 6. When gNB detects SR, gNB can stop eMBB transmission in the grant free.
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Figure 6 grant free plus SR
For grant free plus SR, although procedure becomes a little more complex, the latency is not extended significantly.  Figure 7 shows processing timeline of grant free plus SR. In this scheme, two procedures including transmit URLLC data and stop eMBB transmission are parallel. Therefore, processing timeline for this scheme is maximum processing timeline of both procedures. For URLLC transmission, PUSCH preparation time is 4 symbols, which can refer to N2 for capability 2. For eMBB transmission cancelation, signaling exchange and detection, including SR and PI, and reaction on UL preemption indication are needed, which processing time is still 4 symbol, which calculation refers to [3][4]. It can be seen that grant free plus SR has similar processing timeline as grant free. If TA is considered, then processing time for eMBB transmission cancelation will be added a little, e.g. 2TA. 
[image: ]
Figure 7 processing timeline of grant free plus SR
Table 3 provides latency comparison among grant free, grant based and grant free plus SR. We can see that grant free plus SR is good tradeoff between latency and system efficiency.
	Schemes
	Procedure description
	Processing timeline

	Grant free
	Prepare data
	4

	Grant based
	SR transmission+SR detection+Schedule decision+PDCCH prepare+PDCCH transmission+PDCCH detection+PUSCH prepare
	9

	Grant free plus SR
	Max(Prepare data, SR+SR detection+PI prepare+PI transmission+PI detection+stop transmission)
	4



Proposal 4: Grant free plus SR can be considered due to it is good tradeoff between latency and system efficiency
Power control
Power control is also a method for uplink to alleviate the interference from eMBB traffic to URLLC traffic. One method is to increase power for URLLC traffic, which preempts eMBB traffic. Another method is to reduce power for eMBB traffic, which may be preempted. For the first, due to limited power gap between URLLC and eMBB, interference cancellation does not always work, but it is an efficient way that only superposition occurs, additional power will used. For the latter, though power gap between URLLC and eMBB increases and interference cancellation works better, it is not efficient due to lower power is always applied for eMBB, which means lower MCS level and more frequency resource are used regardless of superposition occurs or not. It’s better to design common power control mechanism to support both scheme flexibly. 
One method is to configure separate power parameters separately for URLLC and eMBB. For example, URLLC and eMBB are indicated by different SRI.
Observation 9: Power control is not high efficiency and can be used in limited scenario.
Proposal 5: Rel-15 power control mechanism can solve URLLC and eMBB multiplexing to some extent.
Conclusions
In this contribution, we show our views on L1 enhancement for URLLC with following observations and proposals:
Observation1: For small payload and reasonable false alarm, sequence based signaling provides better performance and about 3-5dB gain.
Observation 2: 24-bit CRC of DCI is overdesign for small payload and reasonable false alarm.
Observation 3: Sequence based signaling is easier and faster to detect and has limited specification and implementation impact. 
Observation 4: Group common DCI still has specification and implementation impact, e.g increase PDCCH detection capability.
Observation 5: The processing time to stop eMBB transmission is shorter than the processing time for URLLC to decode PDCCH and prepare PUSCH.
· If sequence based signaling is applied, processing timeline for detection preemption indication is smaller than PDCCH detection.
· If transmission cancellation is performed by RF chain only, then ON/OFF time mask defined in 38.101(10us) can be referred as processing timeline for reaction to cancelation indication.
Observation 6: To stop eMBB transmission promptly, frequent monitoring for UL preemption indication is required, however
· Short processing timeline to stop eMBB transmission can relax frequency of UL preemption monitor.
· UL preemption monitoring is conditional, not always.
Observation 7: UL continuation indication is very similar to sequence based signaling but require low false alarm.
Observation 8: Grant free mechanism is low efficiency and efficiency improvement is necessary.
Observation 9: Power control is not high efficiency and can be used in limited scenario.

Proposal 1: Both sequence based signaling and group common DCI can be considered to indicate UL preemption.
Proposal 2: UL grant for re-scheduling can be reused as preemption indication, which can avoid additional signaling design and overhead.
Proposal 3: Multiplexing of grant free transmission and grant based transmission is one effective way to improve efficiency of grant free mechanism.
Proposal 4: Grant free resource plus SR can be considered due to it is better tradeoff between latency and system efficiency
Proposal 5: Rel-15 power control mechanism can solve URLLC and eMBB multiplexing to some extent.
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Appendix
Table A-1 Simulation assumption for UL preemption indication
	Parameter
	Value

	Carrier frequency for evaluation
	4GHz

	Channel model
	TDL-C (delay spread: 300ns)  as in 38.901

	UE speed
	3 km/h 

	MIMO
	4x2 Eigen BF

	System bandwidth
	40 MHz

	Sub-carrier spacing
	15kHz

	Channel estimation
	MMSE

	Receiver type
	ML(sequence), List32 SC  (DCI)

	Aggregation level
	8

	Payload
	2^4 (cyclic shift sequence);4 bits(+24bit CRC, Polar)

	Interference power
	Interference power based on SINR and SNR = 30dB
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