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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the TSG-RAN#83 plenary meeting [1], the scope of the WID on physical layer enhancements for NR URLLC was defined. One of the objectives is to specify enhancements to scheduling/HARQ. In the RAN1#96 meeting, following agreements about the out-of-order PUSCH scheduling were achieved [2].
Agreements:
For a Rel. 16 UE, on the active BWP of a given serving cell, the UE can be scheduled with a second PUSCH associated with HARQ process x starting earlier than the ending symbol of the first PUSCH associated with HARQ process y (x != y) with a PDCCH that does not end earlier than the ending symbol of first scheduling PDCCH.  Specify based on the following solutions:
· Solution 1: The UE always processes the second scheduled PUSCH. The UE may or may not drop the processing of the first scheduled PUSCH.
· If the first scheduled and second scheduled PUSCHs are not colliding in the time domain:
· Solution 2: The UE processes both the first scheduled and second scheduled PUSCHs as a UE capability with no condition.
· Solution 3: The UE processes both the first scheduled and second scheduled PUSCHs under some conditions. The conditions are reported as a UE capability.
· FFS: The details of the UE capability.
· Solution 4: 
· A UE drops (terminates) the processing of the first scheduled PUSCH.
· Alt1: The UE always drops the first scheduled PUSCH.
· Alt2: Some scheduling conditions should be defined. If not satisfied, the UE drops the processing of the first scheduled PUSCH.
· FFS how to define the scheduling conditions, e.g., based on the number of RBs, TBS, number of layers, the gap between the first and the second PUSCHs, etc.
· The UE behavior, e.g., decision on dropping the first scheduled PUSCH and timing capability associated with the second scheduled PUSCH, is determined, and is fixed, after decoding the PDCCH associated with first and the second scheduled PUSCHs. 
· When the UE drops the processing of the first scheduled PUSCH, increasing the minimum PUSCH preparation procedure time (N2) of the second PUSCH by d symbols can be considered.
· FFS the value of d. 
· Dropping the processing of the first scheduled PUSCH can be done in one of the two ways:
· Alt1: dropping the processing of the first scheduled PUSCH on the same serving cell 
· Alt2: dropping the processing of a PUSCH(s) on the same cell or different serving cell.
· The UE only expects a maximum of one OOO PDCCH-to-PUSCH flow on the active BWP of a given serving cell when applicable.
· FFS whether or not out-of-order operation is allowed across PUSCHs with PDCCH-to-PUSCH gap compatible with PUSCH processing time (N2) for capability X.
· If the first scheduled PUSCH and the second scheduled PUSCH are colliding in the time domain, the UE drops the processing and the transmission of the first scheduled PUSCH.
· For dropping, the scheduling limitations do not apply. The UE always drops the first scheduled PUSCH.
· Other details of dropping are as those of the solution 4. 

[bookmark: _Ref129681832]In this contribution, we discuss the detailed design of out-of-order PUSCH scheduling. 
2 Out-of-order PUSCH scheduling
The section 6.1 of TS 38.214 [3] has the following description:
“A UE shall upon detection of a PDCCH with a configured DCI format 0_0 or 0_1 transmit the corresponding PUSCH as indicated by that DCI. For any two HARQ process IDs in a given cell, if the UE is scheduled to start a PUSCH transmission in symbol j by a PDCCH in symbol i, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than symbol j by a PDCCH starting later than symbol i.”
For some cases, the URLLC traffic might come after the eMBB PUSCH transmission, the URLLC UL grant for HARQ_ID 1 can be transmitted after the eMBB UL grant for HARQ_ID 0. But according to the defined PUSCH scheduling operation, the URLLC PUSCH transmission for the later UL grant has to be delayed until the eMBB PUSCH transmission has been sent, as shown in Figure 1. This may enforce a large transmission delay for the URLLC transmission, since the scheduling timing can be rather long for a previously scheduled eMBB PUSCH.


Figure 1 Out-of-order PUSCH scheduling in Rel-15

In this section we discuss the out-of-order PUSCH scheduling for Rel-16 URLLC focusing on the single-TRP case. As for the M-TRP case, this should be discussed in the MIMO section.

2.1 UE behavior when out-of-order PUSCH scheduling
According to the agreements from the RAN1#96 meeting, following solutions should be considered to address the out-of-order PUSCH scheduling :
· Solution 1: The UE always processes the second scheduled PUSCH. The UE may or may not drop the processing of the first scheduled PUSCH.
· Solution 2: The UE processes both the first scheduled and second scheduled PUSCHs as a UE capability with no condition.
· Solution 3: The UE processes both the first scheduled and second scheduled PUSCHs under some conditions. The conditions are reported as a UE capability. If the conditions are not satisfied, the UE behavior is not defined.
· Solution 4: A UE drops (terminates) the processing of the first scheduled PUSCH.
· Solution 4-1: The UE always drops the first scheduled PUSCH.
· Solution 4-2: Some scheduling conditions should be defined. If not satisfied, the UE drops the processing of the first scheduled PUSCH.
Solution 1 leaves the handling of the first PDSCH to the UE implementation. In practice, this will probably result in poor to none support to process both channels, which will have bad impact on the system efficiency. Even though some UEs process both of PDSCHs under implement conditions, the drawback of this approach is that gNB cannot predict the processing result of the first PDSCH. For out-of-order HARQ-ACK, on one hand, if the gNB is unaware whether the first PDSCH is dropped or not, gNB will not know whether the data is dropped or processed but not transmitted correctly, which will have impact on the retransmission. On the other hand, if the gNB knows the UE behavior when the first PDSCH is dropped, the known NACK bit(s) allocation can improve the probability of a successful detection in decoding operation. Furthermore, if the dropping behavior is known to the gNB (i.e. if a dropping rule would be specified) and the PUCCH carrying all the NACK information of these first PDSCHs can be DTX, the gNB will not attempt decoding the PUCCH. So, it can also save gNB power without trying the PUCCH reception. 
Solution 2 is to introduce a new UE capability for Rel-16 URLLC. For this UE capability, both scheduled PUSCHs have to be processed under all conditions. This imposes a very big challenge for the UE implementation. Other UEs, without that high cost capability could then never simultaneously support the URLLC and eMBB traffic, if no alternative solution (like Solution 1 or Solution 4-2) would be specified in parallel. Only supporting solution 2 would restrict the applicability of the intra UE multiplexing to very few and probably expensive UEs and excluding general URLLC UEs is not helpful for a fast commercialization of URLLC use cases.
Solution 3 is to introduce some conditions to process both channels as a UE capability. The cons of this solution is that it imposes scheduling limitations to the gNB. Once the UE has reported its capability and the associated conditions, the gNB has to schedule accordingly. The flexibility of gNB scheduler would be severely limited in order to let the UE process even only the later PUSCH. The gNB has to schedule according to the conditions (e.g. #PRBs, TBS, #layers) and the UE has to process both scheduled PUSCHs. It would lead to a reduced eMBB transmission rate and a reduced system resource efficiency. Furthermore, similar to Solution 2, UEs that do not have this capability would be precluded from simultaneously serving eMBB and URLLC. 
Compared with Solutions 1-3, the Solution 4 would be very simple for the UE implementation. Based on the above discussion, Solution 4 can be considered in Rel-16, since the UE could then support the URLLC and eMBB traffic without any enhanced parallel processing capability on the UE side. Furthermore, the Solution 4-2 offers more flexibility and better eMBB performance than Solution 4-1. Even if some UE would have a higher capability to process the both PUSCHs, it would do it under some limitation conditions and not always in all scenarios. Due to its simplicity and low cost, it is expected that Solution 4-2 also facilitates a faster commercialization of the URLLC use cases. The conditions of Solution 4-2 could be further studied.
Proposal 1: For the out-of-order PUSCH scheduling between two different HARQ processes without any time-domain collision, the first scheduled PUSCH is dropped if certain scheduling conditions are not satisfied; otherwise the both scheduled PUSCHs are processed.
· FFS the details on the scheduling conditions.

2.2 Scheduling conditions
In this section, the scheduling conditions for Solution 4-2 are discussed.
“ •	FFS how to define the scheduling conditions, e.g., based on the number of RBs, TBS, number of layers, the gap between the first and the second PUSCHs, etc.”
Number of PRBs:
Different from the PDSCH, there are no RB numbers defined in R15 when to skip an earlier PUSCH transmission when processing capability 2 is triggered. The UE may not be allocated too many PRB in a power spectrum density PSD due to the UE maximum transmit power is limited as 23dBm. 
However, the total number of PRBs of both PUSCHs would be smaller than maximum transmission bandwidth, since the maximum transmission bandwidth is a limitation to the UE simultaneous processing capability. Based on section 5.3.2 in TS 38.101-1 and TS 38.101-2, the maximum transmission bandwidth configuration NRB for each UE channel bandwidth and subcarrier spacing is specified as shown in Table 1 and Table 2 below. Hence, the total RB number of the parallel processed channels may not exceed the maximum transmission bandwidth in a given BWP in the same serving cell.
[bookmark: _Hlk505013260]Table 1: Maximum transmission bandwidth configuration NRB in FR1
	SCS (kHz)
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50MHz
	60 MHz
	80 MHz
	90 MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	160
	216
	270
	N/A
	N/A
	N/A
	N/A

	30
	11
	24
	38
	51
	65
	78
	106
	133
	162
	217
	245
	273

	60
	N/A
	11
	18
	24
	31
	38
	51
	65
	79
	107
	121
	135



Table 2: Maximum transmission bandwidth configuration NRB in FR2
	SCS (kHz)
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	
	NRB
	NRB
	NRB
	NRB

	60
	66
	132
	264
	N.A

	120
	32
	66
	132
	264



The symbol number gap between the first and second scheduled PUSCH:
Similar to the current specification for the switching between the two UE capability processing times, the symbol number between the first and second scheduled PUSCH can also be considered in the out-of-order PUSCH scheduling case. Since, if the time gap between the first and second scheduled PUSCH is large enough, the UE can start to process the first scheduled PUSCH after processing the second PUSCH. As shown in Figure 2, the UE could skip preparing a number of scheduled PUSCHs with last symbol within dskip symbols before the start of second scheduled PUSCH that is scheduled to trigger out-of-order PUSCH scheduling. If the PUSCH’s last symbol is earlier than dskip symbols before the start of second scheduled PUSCH, the UE should decode these scheduled PUSCHs. The PUSCH processing time N2 could serve as the starting point for the discussion on conditions for OOO processing. The dskip could be N2, because after N2 symbols, the UE is supposed to have completed the first scheduled PUSCH processing. Based on section 5.3 in TS 38.214, the PUSCH processing time N2 is specified as shown in Table 3 and Table 4 below. 
 


Figure 2 the decoding condition of first PUSCH when Out-of-order PUSCH scheduling.

Table 3: PUSCH preparation time for PUSCH processing capability 1
	

	PUSCH preparation time N2 [symbols]

	0
	10

	1
	12

	2
	23

	3
	36



Table 4: PUSCH preparation time for PUSCH processing capability 2
	

	PUSCH preparation time N2 [symbols]

	0
	5

	1
	5.5

	2
	11 for frequency range 1



Furthermore, the time gap between the first grant and its PUSCH and other time gap can be considered for the out-of-order PUSCH scheduling operation. If the process time is enough to handle two PUSCHs timely, the UE can process the first PUSCH after finishing the second PUSCH, or the UE already complete to process the first PUSCH when the second PUSCH is triggered to prepare.  

Proposal 2: The following scheduling conditions should be the starting point for the discussion when both PUSCHs are processed in case of OOO PUSCH scheduling. These numbers should apply for scheduling conditions. 
· Total PRB of both PUSCHs
· N2 symbols between the end of the first and start of the second scheduled PUSCH 
· FFS, other conditions 

2.3 The time gap after dropping processing of the first scheduled PUSCH
In this section, the UE PUSCH preparation procedure time (N2) for the second channel is discussed for the case when the UE drops or terminates the first scheduled PUSCH and turns to process the second scheduled PUSCH. Since the UE may need a time interval for the termination and for starting the new processing, this extra time should be taken into account in order to relax the requirements for the UE implementation.   The following FFSs have been agreed in the RAN1#96 meeting.
“ When the UE drops the processing of the first scheduled PUSCH, increasing the minimum PUSCH preparation procedure time (N2) of the second PUSCH by d symbols can be  considered. FFS the value of d.”
On one hand, in the TS 38.214 [3], there is no time gap for PUSCH in Rel-15. On the other hand, the out-of-order PUSCH scheduling will interrupt the pipeline of the UE implementation, so an extra time could be introduced to relax the UE complexity for out-of-order PUSCH scheduling. Considering there is no time gap for skipping preparing a number of scheduled PUSCHs and starting a new scheduled PUSCH, the gap would only be a few symbols, such as 1 symbol in 15KHz SCS or 2 symbols in 30KHz SCS.

Based on the above discussion, we propose:
Proposal 3: The value of d should be no more than 2 symbols for out-of-order PUSCH scheduling.

2.4 Application range of out-of-order 
In the RAN1#96 meeting, the application use cases of the out-of-order PUSCH scheduling are discussed as follows.
The first application limitation is that the out-of-order PUSCH scheduling would be done on the same serving cell or different serving cell.
“ Dropping the processing of the first scheduled PUSCH can be done in one of the two ways:
o	Alt1: dropping the processing of the first scheduled PUSCH on the same serving cell 
o	Alt2: dropping the processing of a PUSCH(s) on the same cell or different serving cell.”
Based on the section 6.1 of TS 38.214 [3] as follows, the UE behavior in some out-of-order PUSCH scheduling is defined in a given scheduled cell, since the UE can pipeline processing separately in different serving cells. Besides, separate pipeline processing would bring the high scheduling flexibility and high system efficiency, since the scheduling decision in a serving cell does not need to consider the scheduling condition in the other serving cell.
“ For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than the ending symbol of the first PUSCH by a PDCCH that does not end earlier than symbol i.”
Proposal 4: For Rel-16 URLLC, dropping the processing of the first scheduled PUSCH in a given BWP is done on the same serving cell.

Furthermore, it should be discussed if out-of-order PUSCH scheduling applies to two scheduled PUSCH with same processing capability X or with different processing capabilities or for both.
“ FFS whether or not out-of-order operation is allowed across PUSCHs with PDCCH-to-PUSCH gap compatible with PUSCH processing time (N2) for capability X.”



Figure 3 Out-of-order PUSCH scheduling when PUSCH process capability X

For some URLLC traffic models, the latency requirement could be 3ms for V2X, 6~7ms for Power Distribution or 7ms for AR/VR (TR 38.824 [5]). For other use cases the latency is always smaller than or equal to 1ms. Therefore, the gNB should be allowed to flexibly schedule the URLLC traffic with UE process time capability 1 or capability 2. There is no advantage that it always would use capability 2 for URLLC even when the latency requirement is not very strict. 
In Rel-15, the UE processing time capability is configured per carrier. If the UE supports URLLC and eMBB in the given BWP in the same carrier, the UE should only be configured with one UE processing capability that applies to all PUSCHs. This would mean that if the UE is configured with capability 2, the processing time of capability 1 and 2 can be used by this UE. If the UE is configured with capability 1, the processing time of capability 1 can only be used by the UE. Thus the occasion of out of order PUSCH scheduling would be allowed across PUSCHs following the same and different PUSCH processing capabilities.  
Proposal 5: Out-of-order PUSCH scheduling is allowed across following the same or different PUSCH processing capabilities.
3 Conclusion 
In this contribution, we discuss the enhancements to UL scheduling issues. Out-of-order PUSCH scheduling should be supported for all URLLC UEs in Rel16, i.e. the higher priority PUSCH should always be processed. At the same time, from the system performance point of view, it is also desirable to have a defined UE behavior for the processing of both channels, i.e. to define conditions under which both the first and second channel are processed by the UE. This behavior is best met by Solution 4-2 which is our preference. As scheduling conditions the number assigned PRBs, the time gap between the two PUSCHs and also the time gap between grant timing can be considered. 
We are making the following proposals 1-5 for OOO in our paper:
Proposal 1: For the out-of-order PUSCH scheduling between two different HARQ processes without any time-domain collision, the first scheduled PUSCH is dropped if certain scheduling conditions are not satisfied; otherwise the both scheduled PUSCHs are processed.
· FFS the details on the scheduling conditions.
Proposal 2: The following scheduling conditions should be the starting point for the discussion when both PUSCHs are processed in case of OOO PUSCH scheduling. These numbers should apply for scheduling conditions. 
· Total PRB of both PUSCHs
· N2 symbols between the end of the first and start of the second scheduled PUSCH 
· FFS, other conditions 
Proposal 3: The value of d should be no more than 2 symbols for out-of-order PUSCH scheduling.
Proposal 4: For Rel-16 URLLC, dropping the processing of the first scheduled PUSCH in a given BWP is done on the same serving cell.
[bookmark: _GoBack]Proposal 5: Out-of-order PUSCH scheduling is allowed across following the same or different PUSCH processing capabilities.
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