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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, it was agreed that Out-of-Order-HARQ (OOO-HARQ) is supported in Rel-16, i.e. for two PDSCHs with different HARQ process IDs, the HARQ-ACK for the later PDSCH can be sent before the HARQ-ACK of the earlier PDSCH. The specification of the UE processing for the two PDSCHs is for further study. Four solutions have been brought up in the discussions prior to RAN1#98. For three of them (Solutions 1, 2 and 4), the second PDSCH is always processed by the UE, whereas the first one may or may not be processed. Solution 3, on the other hand, defines the OOO-HARQ as a UE capability and the gNB has then to follow the conditions reported as the UE capability in order to process both PDSCHs, otherwise, it is an error case with undefined UE behavior and no PDSCH is expected to be processed. Thus, for Solution 3 either both PDSCHs are always processed or none of them. The detailed agreements from RAN1#96 are given below [2].
Table 1 – RAN1#96 agreements about OOO-HARQ 
	Agreements:
For a Rel. 16 eURLLC UE and dynamic downlink scheduling, on the active BWP of a given serving cell, the HARQ-ACK associated with the second PDSCH with HARQ process ID x received after the first PDSCH with HARQ process ID y (x != y) can be sent before the HARQ-ACK of the first PDSCH. Specify based on the following solutions:
· Solution 1: The UE always processes the second PDSCH. The UE may or may not drop the processing of the first channel.
· Solution 2: The UE processes both the first and second PDSCHs as a UE capability with no condition.
· Solution 3: The UE processes both the first and second channels under some conditions, e.g. using the CA capability. The conditions are reported as a UE capability. If the conditions are not satisfied, the UE behavior is not defined. 
· FFS: The details of the UE capability.
· Solution 4: 
· A UE drops (terminates) the processing of the first PDSCH.
· Alt1: The UE always drops the first PDSCH.
· Alt2: Some scheduling conditions should be defined. If not satisfied, the UE drops the processing of the first channel.
· 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 second PDSCHs, the gap between the two PUCCHs carrying HARQ-ACK, etc.
· The UE behavior, e.g., decision on dropping the first channel and timing capability associated with the second channel, is determined, and is fixed, after decoding the PDCCH associated with the first and the second PDSCH. 
· When the UE drops the processing of the first channel, increasing the minimum PDSCH processing procedure time (N1) of the second PDSCH by d symbols can be considered.
· FFS the value of d. 
· Dropping the processing of the first PDSCH can be done in one of the two ways:
· Alt1: dropping the processing of the first PDSCH on the same serving cell 
· Alt2: dropping the processing of a PDSCH(s) on the same cell or a different serving cell.
· The UE only expects a maximum of one OOO PDSCH-to-HARQ-ACK flow on the active BWP of a given serving cell when applicable
FFS whether or not, out-of-order operation is allowed across PDSCHs with PDSCH-to-HARQ gap compatible with PDSCH processing time (N1) for capability X.

In the RAN1#96BIS meeting, following agreements and working assumptions about the intra-UE DL prioritization were achieved [3].
Agreements:
In case two unicast PDSCHs for a UE are overlapping, the following scenarios are identified:
· Scenario 1-1: Overlapping in the time domain and not in the frequency domain
· Scenario 1-2: Overlapping both in the time and frequency domains
Working assumption:
· When the two unicast PDSCHs for a UE are overlapping, the UE generates HARQ-ACK for both of the PDSCHs.



During RAN1#97, it became clear that which solution should be adopted for OOO processing is heavily depending on the use cases that shall be supported. For example, Solution 2, to unconditionally always process both PDSCHs is very complex for the UE implementation in case that the two PDSCHs follow different processing time-lines. On the other hand, Solution 2 is very simple from the implementation perspective if all channels follow the same time-line. Thus, it should be decided whether it is needed that the UE supports simultaneously two processing times in the same cell.  
Another issue to address in the context of OOO is how to handle overlapping PDSCHs, where the overlap could either be only in the time-domain, or both in the time- and frequency domain. In these cases the UE could e.g. drop one PDSCH or attempt to decode both.
In the last meeting it was therefore concluded to further study a) different processing timelines associated with different PDSCHs, b) when the same processing timeline is followed by all PDSCHs and c) Overlapping PDSCHs regardless the timelines followed by the individual PDSCHs. The detailed conclusion from RAM1#97 is re-cited below:
Table 2 – RAN1#97 conclusion on scenarios to be studied for OOO-HARQ
	Conclusion:
Study further whether/how to support the following scenarios for the handling of two unicast PDSCHs:
1. When different DL processing times are associated with different PDSCHs on the same serving cell, and the two PDSCHs are non-overlapping.
· Note: The PDSCH-to-PUCCHs can be out-of-order or in-order.
· Note: The solution(s) should address the UE processing pipelining issue.
· Two PDSCHs follow DL processing timing capability #1 and #2, respectively, on the same serving cell.
· FFS if any different solutions are necessary to address different scenarios when the above condition occurs 
2. When the same DL processing time is configured on the same serving cell, and the two PDSCHs are non-overlapping, and the PDSCH-to-PUCCHs are out of order.
· Note: There is no UE processing pipelining issue.
· Note: the in-order PDSCH-to-PUCCHs are already handled in Rel-15.
3. The two unicast PDSCHs are overlapping at least in the time domain, regardless of whether the same or different DL processing times is configured on the same serving cell.
· Note: The solution(s) should address the UE processing pipelining issue in this case.




The contribution further discusses the detailed design of in-order and out-of-order HARQ for non-overlapping and overlapping PDSCH scenarios.  
2 [bookmark: _Ref129681832]Discussion
2.1 Overview of Solution 1-4 for out-of-order HARQ
· Solution 1: The UE always processes the second PDSCH. The UE may or may not drop the processing of the first PDSCH. This approach 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. And even if some UEs might implement to process both PDSCHs under some conditions, the gNB cannot know this in advance. For out-of-order HARQ, if the gNB is unaware whether the UE drops the first PDSCH or not. Thus, in case of an NACK, the gNB does not know whether it should re-transmit the TB or if it should perform a new initial transmission of the same TB.  Furthermore, if the dropping behavior is known to the gNB (i.e. if a dropping rule would be specified), the gNB can save power and skip decoding of the corresponding PUCCH(s). 
· [bookmark: OLE_LINK4][bookmark: OLE_LINK5]Solution 2: Introduce a new UE capability for Rel-16 URLLC out-of-order. For this UE capability, both PDSCHs have to be processed without condition. This imposes a very big challenge for the UE implementation in case that different PDSCHs follow different processing timelines. This can for instance be the case if one PDSCH should be configured with additional DMRS or when for power saving reasons an eMBB PDSCH should not be processed very fast, i.e. the UE should follow cap#1, but another PDSCH carrying URLLC should follow cap#2. For such use cases, the UE without the high processing complexity could not support URLLC in case of having both the URLLC and eMBB traffic simultaneously, if no alternative solution (like Solution 1 or Solution 4-2) would be specified in parallel. 
· Solution 3: Introduce conditions to process both channels as a UE capability. When conditions are not met, the UE behavior is undefined (error case). 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 the gNB scheduler would be severely limited. The gNB has to schedule according to the conditions (e.g. #PRBs, TBS, #layers) and the UE has to process both PDSCHs. It would lead to a reduced eMBB transmission data rate and system resource efficiency. Furthermore, similar to Solution 2, UEs that do not have this capability would be precluded from simultaneously serving eMBB and URLLC.
· Solution 4: Always process the second PDSCH, 4-1: Drop the first PDSCH, 4-2: Define scheduling conditions to process the first PDSCH. Compared with Solutions 2 and 3, the Solution 4 would be very simple for the UE implementation. Solution 4-2 offers more flexibility and better eMBB performance than Solution 4-1. Due to its simplicity and low cost, it is expected that Solution 4-2 also facilitates a faster commercialization of the URLLC use cases. 
2.2 Non-overlapping PDSCH, same processing capability for all PDSCHs
In this section, the 2nd scenario from the conclusion made in RAN1#97 is addressed:
	2. When the same DL processing time is configured on the same serving cell, and the two PDSCHs are non-overlapping, and the PDSCH-to-PUCCHs are out of order.
· Note: There is no UE processing pipelining issue.
· Note: the in-order PDSCH-to-PUCCHs are already handled in Rel-15.


Recap: in-order HARQ in Rel-15 
In order HARQ-ACK same processing time-line. 
In order HARQ-ACK for the same processing time is supported in Rel-15. Thus, the following two scenarios shown in Figure 1 are supported by definition.
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[bookmark: _Ref11742544]Figure 1 – In-Order HARQ supported by Rel-15
In Rel-15, back-to-back scheduling with the same processing time-line is supported. Thus, for a Rel-15 UE, there should be no pipelining issue as long as all PDSCHs follow the same processing timeline. An example is illustrated in Figure 2 below.
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[bookmark: _Ref11399294]Figure 2 – Pipelining for in-order HARQ when both PDSCHs follow the same processing time
Following observations can be made for the already supported processing in Rel-15:

Observation 1: For the same processing time capability for all channels in Rel-15, 
· Decoding is ready not later than N1 symbols after the end of the corresponding PDSCH
· No pipelining collisions occur in any processing unit.

It can further be concluded that in case of the same processing time for all PDSCHs, out-of-order processing in Rel-15, even if not officially supported, is in principle already practical to implement. As already discussed and observed in the previous meetings, it would only require for the UE implementation to store the HARQ-ACK for the first PDSCH until the HARQ-ACK for the second PDSCH has been sent.
Out-of-order HARQ
As discussed in the section 2.2.1, it is only a very small step from Rel-15 to support out-of-order scheduling and to process both PDSCHs when they follow the same processing capability. The pipelining in the processing units is not affected. Therefore, it is already realistic to support out-of-order scheduling without any further conditions. We are making the following proposal:
Proposal 1: When all PDSCHs follow the same UE processing time capability, out-of-order PDSCH-to-PUCCHs is supported in Rel-16 and no channel is dropped, i.e. Solution 2 is adopted.
2.3 Non-overlapping PDSCH - different processing timelines among PDSCHs
In this aspect the first part of the conclusion from RAN1#97 is discussed, i.e.:
	1. When different DL processing times are associated with different PDSCHs on the same serving cell, and the two PDSCHs are non-overlapping.
· Note: The PDSCH-to-PUCCHs can be out-of-order or in-order.
· Note: The solution(s) should address the UE processing pipelining issue.
· Two PDSCHs follow DL processing timing capability #1 and #2, respectively, on the same serving cell.
· FFS if any different solutions are necessary to address different scenarios when the above condition occurs 


Recap: in-order HARQ in Rel-15
Already in Rel-15, there are some specifications for two different processing timelines on one cell. For 30 kHz SCS, the UE can report “pdsch-ProcessingType2-Limited”. Then, when a PDSCH is scheduled with more than 136 PRBs the UE will apply cap#1 processing time, even if cap#2 is configured for the cell. A sub-sequent PDSCH that is scheduled with not more than 136 PRBs, would still be processed with cap#2 processing time. In this situation, a pipelining issue would occur. UE processing units would still be occupied to process the earlier cap#1 PDSCH when they should start to process the later cap#2 PDSCH. To resolve these pipelining issues, the UE is allowed to drop the first PDSCH, which last symbol is closer than 10 OS to the start of the following cap#2 processing time PDSCH.
Observation 2: In Rel-15, for 30 kHz SCS, to avoid UE pipelining problems for in-order HARQ with mixed processing time capabilities, scheduling restrictions have been defined.
The reason why only scheduling restrictions have been defined for 30 kHz SCS, is that not all UEs are capable to process a PDSCH with more than 136 PRBs within the N1 defined by cap#2. For other sub-carrier spacing, all UEs can always process according to cap#2 and there is no need to introduce two types of processing times.
Necessity to support two processing times in a UE for Rel-16
Two motivations have been brought up earlier to support two processing time capabilities simultaneously, when intra-UE multiplexing of eMBB and URLLC:
· High speed scenario. In this scenario, an additional DMRS can be configured to enhance the performance of the eMBB service. This will mean that eMBB follows cap#1. According to Rel-15, then also the URLLC service would have to follow cap#2 which is not desirable from the latency perspective. 
· UE power saving. If eMBB and URLLC have to follow the same processing time cap#2, then the eMBB service might consume unnecessary high power. 
In our view, the first bullet certainly motivates to support two processing time capabilities. The second one would need to be discussed further. It should be investigated if following cap#1 e.g. can allow using a reduced clock rate or can allow to disable the RF parts and by doing so reducing the power consumption. 
We are therefore making the following observation:
Observation 3: The identified use cases that would require different UE processing times, is for intra-UE multiplexing of eMBB and URLLC, where an additional DMRS is configured (e.g. to enhance the eMBB performance in a high-speed scenario) and potential UE power saving.
Mixed processing time capabilities for “in-order HARQ” for Rel-16
As described in the section 2.3.1, when mixing the UE processing time capabilities, the UE pipelining issues will occur also for in-order scheduling. This is an issue that has only been addressed for 30 kHz SCS in Rel-15. To mix professing time capabilities in the same cell is not applicable in Rel15 for other SCS than 30 kHz, but it needs to be addressed in Rel-16 if two processing time capabilities are introduced.
Observation 4: When two UE processing time capabilities are mixed in the same BWP, pipelining issues will occur for all sub-carrier spacing values. Rel-15 has only defined a UE behavior to handle UE pipelining issues for 30 kHz SCS.
Proposal 2: If in-order scheduling with two processing time capabilities shall be allowed 15 kHz and 60 kHz SCS within one BWP, RAN1 should:
· For 15 kHz, 60 kHz: Define scheduling conditions that allow the UE to process two PDSCHs that follow different processing timelines
Mixed processing time capabilities for “out-of-order HARQ” for Rel-16
As described in the section 2.3.1 and 2.3.3, when mixing the UE processing time capabilities, the UE pipelining issues will occur also for in-order HARQ. The Solutions 1~4 in the previous meeting were only discussed for the out-of-order case. It seems inefficient to define separate scheduling condition for the in-order and out-of-order scenarios. The crucial point is that pipelining collisions in a UE can happen when a cap#2 processing time PDSCH is following a cap#1 processing time PDSCH. These collisions happen regardless of whether it is in-order or out-of-order HARQ. There should be one unified solution to deal with different timing capabilities process for both in-order and out-of-order HARQ cases.
Proposal 3: If two processing time capabilities are supported in the same BWP, one unified solution that addresses in-order and out-of-order HARQ shall be defined. 
Discussion of the Solutions 1~4 for mixed processing time capabilities
The solutions that already have been discussed for out-of-order cases in section 2.1 should be adopted to include the in-order processing. An evaluation of the solutions for two processing time capabilities is given below:
Solution 1: This solution leaves the handling of the “first channel” to UE implementation. Since the pipelining issues can also occur for in-order processing using the term “a first channel” would be wrong. Instead, when a PDSCH following cap#2 is scheduled after a PDSCH following cap#1, Solution 1 shall be rewritten to that the processing of the “cap#1-channel” is up to implementation. This solution, however, could in practice result in that the cap#1 channel is not processed. This is in our understanding the same as Solution 4-1. When a PDSCH following cap#1 is scheduled after a PDSCH following cap#2, the processing of PDSCH following cap#2 would be up to implementation based on Solution 1. This situation should be avoided.  The UE should always process the cap#2 PDSCH. Solution 1 should therefore not be supported.
Solution 2: For two different processing time capabilities, Solution 2 becomes too challenging for the UE implementation. To always support both eMBB and URLLC without any scheduling conditions, would effectively require to double the hardware, which is not justified considering the very limited use case(s).
Solution 3: With Solution 3 it is feasible to handle both in-order and out-of-order HARQ when two processing capabilities shall be supported on the same BWP in the same cell. The processing capability could then be used for traffic type identification and e.g. to route the traffic to different processors. On each processor, only one processing time capability would be supported. No scheduling conditions need to be discussed. Thus, from the standardization point of view, this solution should be rather simple. However, it is suffering from some drawbacks, e.g.
· It is tied to the UE implementation. The UE needs to effectively report how many independent processors, which has available to process the “virtual cells”.
· It needs to be decided in advance how many virtual CCs (vCCs) are needed for URLLC. These vCCs can never be utilized for eMBB, even if there is no URLLC traffic going on. Thus, the eMBB throughput would be much more limited than what it would need to be, so that it would reduce user experience.
· It limits the flexibility of the gNB scheduler. The gNB has to schedule according to the pre-defined conditions (e.g. #PRBs, TBS, #layers) , which reported by UE.
· It needs to address the Pcell serving interruption time when adding or activating Scell. For instance, URLLC is firstly configured on one or multiple cells, and no eMBB traffic is present. Then, later, another cell for eMBB shall be added. The interruption time of the already activated cells is about 1ms for inter-band CA and up to 6ms for intra-band CA in section 6.5.2 in TS38.133. It may impact the reliability of the URLLC traffic in this case. If instead all cells in the UE would be activated from start to avoid this issue, then the UE would consume unnecessarily high power. 
Hence, the Solution 3 is not appropriate to be applied by itself. However, Solution 3 together with Solution 4-2 could be further considered. 
Solution 4: With Solution 4, all cells can always be utilized for eMBB and URLLC. This promises better performance compared to solution 3, especially for sporadic URLLC traffic.
· Solution 4-1. The first PDSCH is always dropped. This can result in unnecessary bad performance. Especially as pipelining issues also can occur for in-order, the PDSCH timing order cannot be used to judge the “first channel”. The PDSCH should be instead of cap#1 PDSCH. 
· Solution 4-2. Allows to process two capabilities on the same BWP in same cell under certain scheduling conditions. This offers the best performance and, depending on the scheduling conditions, is easy for implementation.
Based on above discussion, we proposal that:
Proposal 4: Adopt Solution 4-2 for processing with two processing time capabilities on the same BWP in the same cell.

Scheduling conditions for Solution 4-2
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 second PDSCHs, the gap between the two PUCCHs carrying HARQ-ACK, etc.”
Number of PRBs:
The situation that PDSCH processing capability 2 triggers to skip some PDSCH processing capability 1 is similar to the out-of-order HARQ in the sense that a limited UE capability would result in skipping the decoding of some PDSCHs. Hence, the RB numbers as defined in Rel-15 for the PDSCH skipping could also serve as the starting point for the discussion on conditions for OOO processing.
Furthermore, 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 3 and Table 4 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 3 – 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 4 – 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 PDSCH:
Similar to the current specification for the in-order case, also for the out-of-order case, the switching between the two UE capability processing times should consider the number of symbols between the first and second PDSCH. However, the current specification may not fully reflect the limitation for the out-of-order HARQ operation, because the out-of-order scheduling condition could be different from the switching between the two UE capability processing times, such as different RB number, different capabilities, or some possible time gap for skipping first PDSCH. The UE can process both channels if the time gap between the PUCCH carrying HARQ for PDSCH B and the end of PDSCH A is not smaller than “N1_PDSCH A+N1_PDSCH B”. The N1_PDSCH A refers to the minimum processing time of the reception of PDSCH A and N1_PDSCH B refers to minimum processing time of the reception of PDSCH B, the value is depending whether  CAP#1 or CAP#2 is followed, and also depending on whether additional DMRS is configured or scheduled. As shown in Figure 3, the UE has enough time to process two PDSCHs in this case. If the time gap is smaller than the threshold, the UE could drop the first PDSCH which is low priority channel.  
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  Figure 3 – Pipelining for out-of-order HARQ when both PDSCHs follow the different processing times

Moreover, in Solution 4-2 it could be further considered to drop some CBGs of the first PDSCH if CBG transmission is configured for a given BWP, instead of dropping the whole TB of the first PDSCH. This can avoid unnecessary CBG retransmissions which increases the system efficiency. 

  Figure 4 Subset CBGs of PDSCH A can be processed
As shown above Figure 4, the time gap of between PUCCH carrying HARQ-ACK B and end of PDSCH-A is less than “N1_PDSCH A+N1_PDSCH B”, but the time gap between PUCCH carrying HARQ-ACK B and subset CBGs of PDSCH B is larger than “N1_PDSCH A +N1_PDSCH B”, and those CBGs can be processed.

Proposal 5: The following scheduling conditions of Solution 4-2 should be considered in case of OOO-HARQ. 
· Not more than 136 PRBs are scheduled for 30kHz SCS
· The time-gap between the PUCCH carrying HARQ for PDSCH B and the end of the whole TB or subset CBGs of PDSCH A is not smaller than “N1_PDSCH A+N1_PDSCH B”. 
· FFS, other conditions 

2.4 Overlapping PDSCHs

In the RAN1 #96bis meeting, following agreements about scenario1 were achieved.
Agreements:
In case two unicast PDSCHs for a UE are overlapping, the following scenarios are identified:
· Scenario 1-1: Overlapping in the time domain and not in the frequency domain
· Scenario 1-2: Overlapping both in the time and frequency domains

In this section, the 3rd scenario from the conclusion made in RAN1#97 is addressed:
	3. The two unicast PDSCHs are overlapping at least in the time domain, regardless of whether the same or different DL processing times is configured on the same serving cell.
· Note: The solution(s) should address the UE processing pipelining issue in this case.



Scenario 1-1: Overlapping in the time domain and not in the frequency domain
In this scenario, two unicast PDSCHs are overlapping in the same symbol(s) but are located in different PRBs. As shown in Figure 5, the radio resources for PDSCH D1 and D2 are partially overlapping in time domain. And the PDSCH D1 to HARQ-ACK1 and the PDSCH D2 to HARQ-ACK2 satisfy the PDSCH-to-HARQ-ACK timeline respectively. Then, the UE processing unit conflicts when the UE needs to feedback both HARQ-ACKs.
[image: ]
Figure 5. Processing conflict when two DL assignments with overlapping time-domain resources
This scenario is similar to the case as different processing capability for out-of-HARQ. One of the scheduling conditions proposed in 2.3.6 can be used in this scenario, which is: the time-gap between the start of the later PUCCH and the end of the earlier PDSCH is not smaller than “N1_PDSCH A+N1_PDSCH B”. Then UE can process these two PDSCHs in sequence.
Proposal 6: The following scheduling conditions should be considered in scenario 1-1. 
· The time-gap between the PUCCH carrying HARQ for PDSCH B and the end of the whole TB or subset CBGs of PDSCH A is not smaller than “N1_PDSCH A+N1_PDSCH B”. FFS, other conditions

Scenario 1-2: Overlapping both in the time and frequency domain
In this scenario, the two unicast PDSCHs are overlapping both in the time and frequency domain. If the scheduling condition of time-gap in proposal 6 is introduced, then the UE can sequentially process such two PDSCHs. But as two PDSCHs locate in the same REs, interference will raise between these two PDSCHs. And the reliability of the PDSCH with high priority will be influenced by another PDSCH. PDSCH with low priority can be punctured at least in the overlapping region to guarantee the reliability of PDSCH with high priority. Thus the UE needs to process PDSCH with high priority, and drop PDSCH with low priority.
Proposal 7: For scenario 1-2, UE should process PDSCH with high priority, and drop PDSCH with low priority.

Enhancement of DL PI
In 38.213, the UE behavior upon reception of PI is specified: “If a UE detects a DCI format 2_1 for a serving cell from the configured set of serving cells, the UE may assume that no transmission to the UE is present in PRBs and in symbols, from a set of PRBs and a set of symbols of the last monitoring period, that are indicated by the DCI format.” Thus, a UE may disregard the whole indicated region. A problem that has been discussed already during Rel-15 is the potential “self-flushing” of URLLC traffic. If the UE monitors DL PI, it may flush the resources indicated by the DCI with INT-RNTI, even if these flushed resources that is allocated to the URLLC traffic of this UE.
This PI flushing issue is left to the implementation in Rel-15. As a consequence, the gNB would not configure a UE to monitor DL PI if this UE is simultaneously running eMBB and URLLC service. If the scheduled eMBB PDSCH of this UE is punctured by other UE’s URLLC PDSCH, gNB cannot inform this situation to the UE. As a result, the performance of eMBB traffic would degrade seriously.
In Rel-16, if URLLC/eMBB identification is introduced in the physical layer, the DL PI enhancement should be considered since it is essential that DL PI can be configured to the UE who supporting multiple services. If the UE receives the scheduled URLLC traffic, it can skip monitoring PI or not flush its buffer related to URLLC traffic. And if the UE receives the scheduled eMBB traffic, it can monitor PI and follow the PI indication as Rel-15. Different mechanisms can be used to the differentiation of eMBB and URLLC services, and the details are discussed in our companion contribution [4].
In RAN1 #96bis meeting, two scenarios of two unicast PDSCHs for a UE overlapping are identified. For scenario 1-2, the two PDSCHs are overlapping both in the time and frequency domains. To guarantee the reliability of URLLC PDSCH, the eMBB PDSCH should be punctured at least in the overlapping resources. In such scenario, the UE can always receive URLLC PDSCH regardless of PI. As for eMBB PDSCH, the UE can drop it and always feedback NACK for it. If it is agreed to process both PDSCHs under some conditions, than the UE can keep on monitoring PI and follow the PI indication to do eMBB PDSCH processing.
Furthermore, if priority indication is transmitted in URLLC DCI, PI can be extended to solve resource puncturing among more than two traffics.
Proposal 8: For Rel-16 URLLC UE, if URLLC/eMBB identification is introduced in physical layer, the URLLC traffic transmission of the UE which is monitoring DL PI should be excluded from the data flushing that is triggered by the DL PI.
3 Conclusion 
In this contribution, we discuss the enhancements to scheduling/HARQ. Out-of-order HARQ should be supported for all URLLC UEs in Rel-16, i.e. the higher priority PDSCH 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 PDSCHs can be considered. 
We are making the following observation 1-4 for OOO in our paper:
Observation 1: For the same processing time capability for all channels in Rel-15, 
· Decoding is ready not later than N1 symbols after the end of the corresponding PDSCH
· No pipelining collisions occur in any processing unit.
Observation 2: In Rel-15, for 30 kHz SCS, to avoid UE pipelining problems for in-order HARQ with mixed processing time capabilities, scheduling restrictions have been defined.
[bookmark: _GoBack]Observation 3: The identified use cases that would require different UE processing times, is for intra-UE multiplexing of eMBB and URLLC, where an additional DMRS is configured (e.g. to enhance the eMBB performance in a high-speed scenario) and potential UE power saving.
Observation 4: When two UE processing time capabilities are mixed in the same BWP, pipelining issues will occur for all sub-carrier spacing values. Rel-15 has only defined a UE behavior to handle UE pipelining issues for 30 kHz SCS.

Based on the above observations, we proposals:
Proposal 1: When all PDSCHs follow the same UE processing time capability, out-of-order PDSCH-to-PUCCHs is supported in Rel-16 and no channel is dropped, i.e. Solution 2 is adopted.
Proposal 2: If in-order scheduling with two processing time capabilities shall be allowed 15 kHz and 60 kHz SCS within one BWP, RAN1 should:
· For 15 kHz, 60 kHz: Define scheduling conditions that allow the UE to process two PDSCHs that follow different processing timelines
Proposal 3: If two processing time capabilities are supported in the same BWP, one unified solution that addresses in-order and out-of-order HARQ shall be defined. 
Proposal 4: Adopt Solution 4-2 for processing with two processing time capabilities on the same BWP in the same cell.
Proposal 5: The following scheduling conditions of Solution 4-2 should be considered in case of OOO-HARQ. 
· Not more than 136 PRBs are scheduled for 30kHz SCS
· The time-gap between the PUCCH carrying HARQ for PDSCH B and the end of the whole TB or subset CBGs of PDSCH A is not smaller than “N1_PDSCH A+N1_PDSCH B”. 
· FFS, other conditions 
Proposal 6: The following scheduling conditions should be considered in scenario 1-1. 
· The time-gap between the PUCCH carrying HARQ for PDSCH B and the end of the whole TB or subset CBGs of PDSCH A is not smaller than “N1_PDSCH A+N1_PDSCH B”. 
· FFS, other conditions
Proposal 7: For scenario 1-2, UE should process PDSCH with high priority, and drop PDSCH with low priority.
Proposal 8: For Rel-16 URLLC UE, if URLLC/eMBB identification is introduced in physical layer, the URLLC traffic transmission of the UE which is monitoring DL PI should be excluded from the data flushing that is triggered by the DL PI.
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