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Introduction
In RAN 83, objectives of work item were defined [1] and the following shows inter UE Tx prioritization and multiplexing part:
· Specification of enhanced inter UE Tx prioritization/multiplexing [RAN1]
· UL cancelation scheme (see section 7.2.1 in TR 38.824) 
· Enhanced UL power control scheme (see section 7.2.2 in TR 38.824)  
In RAN1 AH1901, some agreements on UL inter UE Tx prioritization and multiplexing were achieved in the following [1]:
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 down select 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)

UL inter UE Tx prioritization and multiplexing
According to RAN1 AH1901 meeting agreement, option(s) indicated in the agreement aims to down select. And in the following, the options are analyzed.
No enhancement vs UL preemption vs power control
From observations in previous meeting [1], as summarized in the following, enhancement to solve eMBB and URLLC collision should be supported to improve PUSCH decoding performance. 
· SINR loss for URLLC BLER target 10-4 when URLLC PUSCH collides with another eMBB PUSCH transmission is 0.2dB~1dB, 1.8dB~6dB, 3.2dB for lower/medium/higher MCS level if no enhancement is considered. 
· SINR loss for eMBB BLER target 10-1 when URLLC PUSCH collides with another eMBB PUSCH transmission is 0.3dB~2dB, 1dB~8dB for lower /higher MCS level if no enhancement is considered. 
For UL preemption, it cancels interference from eMBB completely but eMBB UE detection capability for UL PI needs to be enhanced. For power control, data detection performance may decrease but it does not require additional UL PI detection for eMBB UE. So down-select of UL preemption and power control is the down-select of performance and UE complexity. For UE complexity, it depends on UL PI signaling design. So before down-select of UL preemption and power control, UL PI signaling design should be studied completely.
Proposal 1: Enhancement to solve eMBB and URLLC collision should be supported to improve PUSCH decoding performance
Proposal 2: Before down-select of UL preemption and power control, UL PI signaling design should be studied completely
DCI vs Sequence
DL preemption indication can be a starting point for UL PI. 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, DCI and sequence based signaling are evaluated in terms of reliability and complexity. Figure 2(a) and Figure 2(b) shows performance of DCI and sequence based signaling varying with SNR and SINR separately. Link level simulation assumption agreed in 94bis  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 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 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 2 Performance of sequence based signaling and 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.
DCI and sequence based signaling are compared in terms of detection complexity, processing timeline, specification complexity and implementation complexity in table 1.
Table 1 comparison between sequence-based signaling and DCI
	Comparison between Sequence based signaling and DCI

	
	Sequence based signaling
	DCI

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

	Processing timeline
	Shorter due to simpler detection
· Short processing timeline is benefit to reduce UL preemption monitor.
	Longer due to complex detection procedure and blind decoding

	Specification complexity
	Reuse PUCCH format 0 design
	Increase PDCCH monitoring capability
· e.g. 4CCE DCI for 4-bit information, and 7 PDCCH occasion within one slot is assumed, additional 28 non-overlapped CCEs is required. In other words, PDCCH capability needs to increase by 50%.

	Implementation complexity
	Additional module for sequence detection.
· Module for sequence detection, e.g. synchronization signaling detection maybe reused.
	Increase PDCCH detection capability
· As above analysis, PDCCH monitoring capability increases by 50%.



Obeservation3 Sequence based signaling is easier and faster to detect and has limited specification and implementation impact. 
Observation 4: DCI still has specification and implementation impact, e.g increase PDCCH detection capability.
Proposal 3: Sequence based signaling should be supported to indicate UL preemption.
Group common specific vs UE specific
For group common specific, preemption information can be shared by multiple UEs to reduce signaling overhead. 
However, preemption part usually 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. 
Proposal 4: Both group common specific and UE specific signaling could be considered. UL grant for re-scheduling can be reused as preemption indication, which can avoid additional signaling design and overhead.
Not-started transmission only vs both not-started and on-going transmission
If UL preemption only works for not-started transmission, then additional latency due to waiting for on-going transmission still exists.  On the one hand, for medium or high eMBB load, it is probable that URLLC transmission and on-going transmission collides. On the other hand, the ratio of latency due to waiting for on-going transmission and total latency budget is high. For example, on-going transmission duration is usually 0.5ms/1ms for 30 khz/60khz. Then average latency due to waiting for on-going transmission is about 0.25ms/0.5ms，which uses up 25%-100% of latency budget 0.5ms/1ms. So it is preferred that both not-started and on-going transmission are supported.
Proposal 5: Both not-started and on-going transmissions are supported.
Resume the transmission afterwards vs Not resume the transmission afterwards
Resuming the transmission afterwards is an efficient way but additional efforts are needed, e.g. ensuring the phase continuity of the discontinous transmission. Not resuming the transmission afterwards is simple. So not resuming the transmission afterwards is preferred.
Proposal 6: Not resuming the transmission afterwards is preferred.
Special issue for grant free transmission
[bookmark: _GoBack]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 5: Grant free mechanism is low efficiency and efficiency improvement is necessary.
Proposal 7: 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 3. When gNB detects SR, gNB can stop eMBB transmission in the grant free.
[image: ]
Figure 3 grant free plus SR
For grant free plus SR, although procedure becomes a little more complex, the latency is not extended significantly.  Figure 4 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 [2][3]. 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. 
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Figure 4 processing timeline of grant free plus SR
Table 2 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.
Table 2 Processing timeline for UL transmission schemes
	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 8: Grant free plus SR can be considered due to it is good tradeoff between latency and system efficiency
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: DCI still has specification and implementation impact, e.g increase PDCCH monitoring capability significantly.
Observation 5: Grant free mechanism is low efficiency and efficiency improvement is necessary.

Proposal 1: Enhancement to solve eMBB and URLLC collision should be supported to improve PUSCH decoding performance
Proposal 2: Before down-select of UL preemption and power control, UL PI signaling design should be studied completely
Proposal 3: Sequence based signaling should be supported to indicate UL preemption.
Proposal 4: Both group common specific and UE specific signaling could be considered. UL grant for re-scheduling can be reused as preemption indication, which can avoid additional signaling design and overhead.
Proposal 5: Both not-started and on-going transmissions are supported.
Proposal 6: Not resuming the transmission afterwards is preferred.
Proposal 7: Multiplexing of grant free transmission and grant based transmission is one effective way to improve efficiency of grant free mechanism.
Proposal 8: Grant free plus SR can be considered due to it is good tradeoff between latency and system efficiency
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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, in which SNR = 30dB
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