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1 [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1#96bis meeting, enhancement for Scheduling/HARQ are discussed. Some agreements are achieved as following [1]:
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
· [bookmark: _GoBack]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.
In this contribution, we share our view on enhancement for Scheduling/HARQ.
2 Overlapping PDSCHs in time-domain, scheduled by dynamic DL assignments
2.1 [bookmark: OLE_LINK4][bookmark: OLE_LINK5]First PDSCH and second PDSCH not overlapping in time 
As shown in Figure 1, for a UE with eMBB and URLLC services, URLLC DL service may arrive during an eMBB DL transmission (PDCCH/PDSCH). In this case, a UE can be scheduled with a URLLC PDSCH after an eMBB PDSCH is scheduled and before the HARQ-ACK for the eMBB PDSCH. 
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Figure 1: Example of out-of-order HARQ-ACK in case of eMBB DL transmission and URLLC DL transmission
In such case, gNB may prioritize the later arrived URLLC DL service due to the tight latency and reliability requirement. However, if UE always drop the first PDSCH, the performance of eMBB would be decreased enormously. In the extreme case, eMBB service cannot be scheduled in a time interval. On the other hand, the dropped eMBB PDSCH needs to be rescheduled which would influence the resource utilization efficiency from system perspective. 
Whether to decode the first PDSCH should be as an independent UE capacity, which does not link the other capability. Actually, this out-of-order scheduling is similar to the pipeline scheduling and should be supported for UE.    
If UE decodes both PDSCHs according to the some conditions, it makes specification decision complicated, as it is not clear how the condition can be specified clearly, for example based on the resource allocation size, PDSCH TBS, etc. It is therefore preferred to have a simple solution such that the UE capability is not related to the scheduling conditions, i.e. if UE capability supports decoding both the first and second PDSCHs, UE processes two PDSCHs. On the contrary, if UE capability does not support decoding both the first and second PDSCHs, the UE may drop the processing of the first PDSCH. 
It has been agreed as a working assumption that UE always generates HARQ-ACK for both PDSCH regardless UE is capable of decoding both PDSCHs, or not. In such case, when UE drops the first PDSCH or decodes the first PDSCH unsuccessfully, the NACK is fed back. Otherwise, if the first PDSCH is decoded, ACK is transmitted.
Proposal 1: When the dynamic scheduled first PDSCH and second PDSCH not overlapping in time, the processing of both the first and second PDSCHs can be supported as a UE capacity. 
· If UE capability supports decoding both PDSCHs, UE processes the first and second PDSCHs. 
· If UE capability does not support decoding both PDSCHs, the UE may drop the processing of the first PDSCH. 
Proposal 2: The working assumption can be confirmed: when the two unicast PDSCHs for a UE are overlapping, the UE generates HARQ-ACK for both of the PDSCHs.
2.2 The first scheduled PDSCH and second scheduled PDSCH overlapping in time within a slot
For a UE supporting both eMBB and URLLC services, it may have scheduled eMBB and URLLC data transmission simultaneously, i.e. a URLLC PDSCH is scheduled in a slot that is already allocated to an eMBB PDSCH. In such case, the URLLC PDSCH and eMBB PDSCH are scheduled in the overlapped time resources, while non-overlapped frequency resources are allocated to eMBB and URLLC PDSCH, as shown in Figure 2(a). In Figure 2 (a), a UE is scheduled with an eMBB PDSCH. After that, a URLLC PDSCH is scheduled with non-overlapping frequency resources with eMBB PDSCH. 
For this cases, handling the reception of PDSCHs from different services overlapping in time is needed. Since latency requirement needs to be satisfied for URLLC service, URLLC PDSCH reception should be prioritized. One solution is that UE decodes both eMBB and URLLC PDSCHs within a slot. However, it could lead to increasing complexity and latency for UE reception. Therefore, such new UE capability needs to be defined. 
For UE supporting simultaneously receiving the first scheduled PDSCH and second scheduled PDSCH overlapping in time, both PDSCHs can be decoded. 
For UE not supporting simultaneously receiving the first scheduled PDSCH and second scheduled PDSCH overlapping in time, UE decodes the second scheduled PDSCH and may cancel decoding the first scheduled PDSCH. 
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(b)
[bookmark: _Ref513479899][bookmark: OLE_LINK9][bookmark: OLE_LINK26][bookmark: OLE_LINK35][bookmark: OLE_LINK8][bookmark: OLE_LINK18][bookmark: OLE_LINK19]Figure 2: Example of overlapping between eMBB PDSCH and URLLC PDSCH for a UE, (a) overlapping in time domain, (b) overlapping in both time and frequency domain
Another example is shown in Figure 2 (b). A URLLC PDSCH is scheduled with both overlapped frequency and time domain resources with eMBB PDSCH. The second scheduled PDSCH should have the higher priority. If UE supports simultaneously receiving the first scheduled PDSCH and second scheduled PDSCH, both PDSCHs can be decoded. For this case, eMBB PDSCH and URLLC PDSCH are multiplexed spatially with the multiple transmission layers. eMBB PDSCH transmission still can lead to the performance degradation of URLLC PDSCH due to the potential interference among layers.    
Intra UE preemption can be deemed as a solution. gNB can puncture the eMBB PDSCH in the overlapped frequency region. Only URLLC PDSCH is transmitted which can reduce the interference to URLLC service. Actually, UE has the knowledge about the scheduling conditions of both PDSCHs. Thus, it can be defined as UE behaviors that the resources of first scheduled PDSCH in overlapped frequency region is not transmitted. UE still can decode eMBB PDSCH in non-overlapping frequency region.      
For UE not supporting simultaneously receiving the first scheduled PDSCH and second scheduled PDSCH, UE decodes the second scheduled PDSCH and may cancel decoding the first scheduled PDSCH in the overlapping frequency region.
[bookmark: OLE_LINK10]Proposal 3: In the case of overlapping in time and not in the frequency domain within a slot between the first scheduled PDSCH and second scheduled PDSCH,
· [bookmark: OLE_LINK2][bookmark: OLE_LINK3]If UE supports simultaneously receiving the first scheduled PDSCH and second scheduled PDSCH, UE decodes both PDSCHs.
· If UE does NOT support simultaneously receiving the first scheduled PDSCH and second scheduled PDSCH, UE decodes the second scheduled PDSCH and may drop the first scheduled PDSCH. 
Proposal 4: In the case of overlapping in both time and frequency domains within a slot between the first scheduled PDSCH and second scheduled PDSCH,
· If UE supports simultaneously receiving the first scheduled PDSCH and second scheduled PDSCH, the UE assumes the first scheduled PDSCH in overlapping frequency domain is preempted and UE only decodes the second scheduled PDSCH in the overlapping frequency region. UE decodes the first scheduled PDSCH in non-overlapping frequency domain.
· If UE does NOT support simultaneously receiving the first scheduled PDSCH and second scheduled PDSCH, UE decodes the second scheduled PDSCH and may drop the first scheduled PDSCH.
As above mentioned, when UE has sequentially received two DL assignments with overlapping radio resources in time domain, UE can identify the priority based on scheduling order. Generally, the second scheduled PDSCH has the higher priority for decoding. For this case, differentiation of priority may not be required. For HARQ codebook constructing with the different service, differentiation of priority can be required due to the different latency and reliability requirement. The details can be seen in our companion contribution [2]. 
3 [bookmark: OLE_LINK15][bookmark: OLE_LINK17]Out-of-order PUSCH scheduling 
3.1 The first scheduled and second scheduled PUSCHs are not colliding in the time domain
For a UE with eMBB and URLLC service, URLLC UL service may arrive after an eMBB UL grant and before the scheduled PUSCH transmission. Figure 3 shows an example of out-of-order PUSCH scheduling. In this case a grant A scheduling later transmitted PUSCH A occurs earlier than another grant B scheduling earlier transmitted PUSCH B. In such case, gNB may prioritize the later arrived URLLC UL service due to the tight latency and reliability requirement. Similar the above analysis, if PUSCH scheduled by the first and second YK grant are not colliding in the time domain, the transmission of both PUSCH can be supported. If UE always drops PUSCH scheduled by the first UL grant, which would decrease the performance of eMBB service. Resource utilization efficiency can also be decreased. 
UE processing PUSCHs scheduled by the first and second UL grant should be as an independent UE capacity. 
On the other hand, it makes UEs decision complicated taken other conditions into account, e.g. whether to process two PUSCHs or PUSCH scheduled by the first UL grant according to the different conditions. 
If UE supports transmitting the PUSCHs scheduled by the first UL grant and second UL grant, UE processes both PUSCHs. If UE does not support transmitting the PUSCHs scheduled by the first UL grant and second UL grant, the UE may drop the PUSCH scheduled by the first UL grant.
[image: ]
Figure 3 out of order PUSCH scheduling 
Proposal 5: For out-of-order PUSCH scheduling, if PUSCHs scheduled by the first UL grant and second UL grant are not colliding in the time domain, the transmitting of both PUSCHs can be as UE capacity. 
· If UE supports transmitting PUSCHs scheduled by the first UL grant and second UL grant, UE processes both PUSCHs. 
· If UE does not support transmitting PUSCHs scheduled by the first UL grant and second UL grant, the UE may drop the PUSCH scheduled by the first UL grant.
3.2 The first scheduled and second scheduled PUSCHs are colliding in the time domain
Figure 4 shows an example that PUSCHs scheduled by the first and second UL grant are colliding in the time domain. After eMBB UL is scheduled, UE is scheduled with a URLLC UL by a later UL grant. The URLLC UL is scheduled to be transmission on the time/frequency resources that are already allocated to eMBB transmission. In this case, to handle such collision between eMBB and URLLC transmissions, URLLC PUSCH needs to have the higher priority than eMBB PUSCH. For example, UE can follow the later received UL grant to proceed PUSCHs scheduled by the second UL grant and cancel PUSCH scheduled by the first UL grant entirely or partially. 
eMBB PUSCH can be cancelled partially, for example, URLLC PUSCH occurs in the middle of an eMBB PUSCH transmission. The first part of eMBB PUSCH has already been transmitted. After URLLC PUSCH transmission, the remaining eMBB PUSCH can also be resumed. If the additional DMRS is configured, the remaining part of eMBB PUSCH can still include DMRS for the demodulation. In this case, eMBB PUSCH transmission is split into two parts. gNB maybe decode PUSCH successfully by demodulating two split PUSCH parts. The impact of phase continuity and power change for two transmission parts should be further discussed. 
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Figure 4: Example of intra-UE UL multiplexing between grant-based eMBB UL and grant-based URLLC UL
Proposal 6: When PUSCH scheduled by the first and second UL grant are colliding in the time domain,
· The PUSCH scheduled by second UL grant is prioritized over the PUSCH scheduled by the first UL grant.  
· The PUSCH scheduled by the first UL grant is dropped partially starting from the 1st symbol that has colliding transmission for the two PUSCHs. 
4 Conclusion
In the contribution, we have some investigations on enhancement to scheduling/HARQ, and propose that,
Proposal 1: When the dynamic scheduled first PDSCH and second PDSCH not overlapping in time, the processing of both the first and second PDSCHs can be supported as a UE capacity. 
· If UE capability supports decoding both PDSCHs, UE processes the first and second PDSCHs. 
· If UE capability does not support decoding both PDSCHs, the UE may drop the processing of the first PDSCH. 
Proposal 2: The working assumption can be confirmed: when the two unicast PDSCHs for a UE are overlapping, the UE generates HARQ-ACK for both of the PDSCHs.
Proposal 3: In the case of overlapping in time and not in the frequency domain within a slot between the first scheduled PDSCH and second scheduled PDSCH,
· If UE supports simultaneously receiving the first scheduled PDSCH and second scheduled PDSCH, UE decodes both PDSCHs.
· If UE does NOT support simultaneously receiving the first scheduled PDSCH and second scheduled PDSCH, UE decodes the second scheduled PDSCH and may drop the first scheduled PDSCH. 
Proposal 4: In the case of overlapping in both time and frequency domains within a slot between the first scheduled PDSCH and second scheduled PDSCH,
· If UE supports simultaneously receiving the first scheduled PDSCH and second scheduled PDSCH, the UE assumes the first scheduled PDSCH in overlapping frequency domain is preempted and UE only decodes the second scheduled PDSCH in the overlapping frequency region. UE decodes the first scheduled PDSCH in non-overlapping frequency domain.
· If UE does NOT support simultaneously receiving the first scheduled PDSCH and second scheduled PDSCH, UE decodes the second scheduled PDSCH and may drop the first scheduled PDSCH.
Proposal 5: For out-of-order PUSCH scheduling, if PUSCHs scheduled by the first UL grant and second UL grant are not colliding in the time domain, the transmitting of both PUSCHs can be as UE capacity. 
· If UE supports transmitting PUSCHs scheduled by the first UL grant and second UL grant, UE processes both PUSCHs. 
· If UE does not support transmitting PUSCHs scheduled by the first UL grant and second UL grant, the UE may drop the PUSCH scheduled by the first UL grant.
Proposal 6: When PUSCH scheduled by the first and second UL grant are colliding in the time domain,
· The PUSCH scheduled by second UL grant is prioritized over the PUSCH scheduled by the first UL grant.  
· The PUSCH scheduled by the first UL grant is dropped partially starting from the 1st symbol that has colliding transmission for the two PUSCHs.
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