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1 Introduction

In this contribution, we discuss the issues for parallel decoding of multiple PDSCHs/PDCCH and make further consideration on how to process with conflict transmission. PDSCH/PDCCH priority rules are proposed..

2 UE blind decoding and PDSCH decoding limitations 

In NR, the UE can be configured with multiple search space sets on the active DL BWP on each activated serving cell, with multiple search spaces being associated with one or more CORESET(s). Different DCI formats may require different monitoring periodicities or monitoring occasions, e.g. to support different services. The UE may need to be configured to monitor the PDCCH in different search space sets. 
PDCCH monitoring Case 1-1/1-2/2 is defined for NR. At least for Case 1-2/2, it could be possible for a PDCCH monitoring occasion overlap with PDSCH, which is previously scheduled. When the UE has detected a PDCCH in a search space and the PDCCH contains a DL scheduling DCI, it should then decode this data of the PDSCH based on the contents of the resource allocation field and the time-domain resource allocation in the DCI. The time domain resources may consist of multiple symbols in one or more slots. During the PDSCH decoding, the UE should still monitor the PDCCH in other search spaces, under current specification. That means that the UE should decode data in the PDSCH and blind detect of PDCCH(s) at the same time. This processing results in high complexity for the UE and RAN1 need to find solutions to relax these requirements.
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Figure 1 - Decode data in the PDSCH and blind detection of PDCCH(s) at the same time
Considering power saving and the limitation of the hardware processing capability at the UE side of UEs, a possible option is to limit the UE functionality. There is one possible rule to be captured in the specifications:
Proposal 1: If UE had detected a PDCCH in a search space and starts to decode data in the associated PDSCH, the UE shall stop decoding the data if another PDCCH search space monitoring occasions configured in the symbols for PDSCH decoding.
3 PDSCH decoding conflict 
In the RAN1 #93 meeting, the following on DL/UL scheduling and HARQ management were reached.
Agreements:

· For UE behavior in RRC_IDLE, if PDSCHs among SI-RNTI PDSCH, P-RNTI PDSCH, and RA-RNTI/TC-RNTI PDSCH are overlapped with at least one symbol for a given UE from the primary cell

· NR supports UE to decode up to two PDSCH simultaneously in Pcell, but not more than two (if more than two are received, the decoding prioritization is up to UE implementation)
· Note: the above assumes that all the PDSCHs to be decoded by the UE have non-overlapped PRBs

Agreements:

The following working assumption as part of the previous agreement is confirmed with updates:
· While UE acquires SI upon being triggered by Paging DCI

· UE is not required to decode C-RNTI PDSCH if the SI-RNTI PDSCH is overlapped with at least one symbol

· In case UE autonomously monitors SI-RNTI PDCCH while monitoring C-RNTI PDCCH, and both SI-RNTI PDSCH and C-RNTI PDSCH are overlapped with at least one symbol, the UE is not required to decode SI-RNTI PDSCH

· (Working assumption) The first two bullets apply unless TBS of SI-RNTI PDSCH ≤ 2976 for FR1, then UE decodes both SI-RNTI PDSCH and C-RNTI PDSCH

· Note: the above assumes that the PDSCHs to be decoded by the UE have non-overlapped PRBs

· The first two bullets always apply in FR2

UE behavior in RRC_IDLE should be limited for efficient hardware implementation as agreed. For the RRC_CONNECTED mode, we should also take similar approach in regards of the PDSCH process.
The NR support different PDSCH mapping type in combination of different K values.  With those semi-statically configured mapping type, it could be possible that same type of RNTI scrambled PDCCH in different monitoring occasion could schedule PDSCHs into same slot. If they are not overlap in any PRB and OFDM symbols, UE should be able to successfully decode all of them. Further different RNTI type could also be able to schedule multiple PDSCH into a slot. Same behaviour should be assumed. 
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Figure 2. Collision of PDCCHs due to flexible time domain scheduling 
However, if PDSCHs are collide in some PRBs, priority rules have to be introduced.
3.1 Same PDSCH mapping types 

Even for same PDSCH mapping types, e.g. PDSCH mapping type A, A later scheduling could be trigger by some urgent data arrival and gNB have to schedule more resource for the new data.  This may results in overriding the earlier scheduling into some PRBs and OFDM symbols as shown in Figure 2 (b). For simplicity, gNB can cancel the earlier scheduled PDSCH. For UE, it can only decode the latest scheduled PDSCH if it is overlapped in PRBs and OFDM symbols in same slot. The overlapping PDSCH by earlier scheduling to the UE will be discarded.  
Proposal 2: A UE can only decode the latest scheduled PDSCH if it is overlapped in PRBs and OFDM symbols by PDSCH with same PDSCH mapping types. The overlapping PDSCHs by earlier scheduling to the UE will be discarded.  

3.2 Different PDSCH mapping types

We should take same approach as inter-UE DL preemption, if UE have scheduling PDSCHs with different PDSCH mapping types overlapped in PRBs and OFDM symbols. In that case, PDSCH mapping type B would be higher priority as shown in Figure 2(c). The PDSCH mapping type A can be punctured since only small fraction was removed from its resource.
Proposal 3: A UE can fully decode the PDSCH with mapping type B, if it is overlapped in PRBs and OFDM symbols by a PDSCH with mapping type A. The PDSCH wit mapping type A is punctured in the overlapping resources.  

4 Multiplexing CSI with uplink data on PUSCH  
According to the agreements in the RAN1#93 meeting, In the case of multiplexing CSI with uplink data on PUSCH, the MIMO session should update agreements related to CSI multiplexing with UL-SCH (i.e., data on PUSCH), and NR should adopt the framework below:

· Z’’ is the number of OFDM symbols required for UE processing from the end of PDCCH containing the DCI triggering a CSI report on PUSCH to the earliest possible start of the corresponding CSI transmission on PUSCH from UE perspective

· Z’’ ≥ Z + d where Z is based on CSI-only processing time from the MIMO session

· N2’ is the number of OFDM symbols required for UE processing from the end of PDCCH containing the UL grant to the earliest possible start of the corresponding PUSCH from UE perspective

· N2’ ≥ N2 + d where N2 is based on the UE capability for sending data-only on PUSCH

· d symbols 
· 2 for 15kHz
· 2 for 30kHz
· 3 for 60kHz
· 4 for 120kHz
· UE is not expected transmit the CSI multiplexed with uplink data if the network set the values of K2 and SLIV without leaving sufficient time for UE processing

The current spec of TS 38.214(vision 15.2.0) miss the additional preparation time of CSI multiplexing on PUSCH than sending data only on PUSCH. We propose to add the content. Besides, we put some correction on description about additional preparation time of HARQ-ACK multiplexing on PUSCH.
We suggest that spec to be fixed by adding the missing contents about additional preparation time of CSI multiplexing on PUSCH than sending data only on PUSCH. TP1:
-------------------------------------Text Proposal for 38.214 section 6.4----------------------------------
	If the first uplink symbol in the PUSCH allocation, including the DM-RS, as defined by the slot offset K2 and the start and length indicator SLIV of the scheduling DCI, is no earlier than at symbol L2 then the UE shall transmit PUSCH where L2 is defined as the next uplink symbol with its CP starting 
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after the end of the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, where 

-
N2 is based on µ of Table 6.4-1 and Table 6.4-2 for UE processing capability 1 and 2 respectively, where µ corresponds to the one of (µDL, µUL) resulting with the largest Tproc,2,  where the µDL corresponds to the subcarrier spacing of the downlink with which the PDCCH carrying the DCI scheduling the PUSCH was transmitted and µUL corresponds to the subcarrier spacing of the uplink channel with which the PUSCH is to be transmitted, and κ is defined in subclause 4.1 of [4, TS 38.211].
-
If the first symbol of the PUSCH allocation consists of DM-RS only, then d2,1 = 0, otherwise d2,1 = 1. 
-
If the HARQ-ACK is multiplexed on PUSCH, then d2,2 = 1, otherwise d2,2 = 0.
·    If the CSI is multiplexed on PUSCH, then d2,3 is based on µ of table 6.4-3, otherwise d2,3 =0. 
-
If the UE is configured with multiple active component carriers, the first uplink symbol in the PUSCH allocation further includes the effect of timing difference between component carriers as given in [11, TS 38.133]. 
-
If the scheduling DCI triggered a switch of BWP, d2,4 equals to the switching time as defined in [11, TS 38.133], otherwise d2,4=0.

Otherwise the UE may ignore the scheduling DCI. 
The value of 
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 is used both in the case of normal and extended cyclic prefix.
Table 6.4-1: PUSCH preparation time for PUSCH timing capability 1
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Table 6.4-2: PUSCH preparation time for PUSCH timing capability 2
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Table 6.4-3: Preparation time of CSI multiplexing on PUSCH than data only PUSCH
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5 Conclusion

In this contribution, we provide our views on remaining issues of scheduling and HARQ procedure as follows.
Proposal 1: If UE had detected a PDCCH in a search space and starts to decode data in the associated PDSCH, the UE shall stop decoding the data if another PDCCH search space monitoring occasions configured in the symbols for PDSCH decoding.

Proposal 2: A UE can only decode the latest scheduled PDSCH if it is overlapped in PRBs and OFDM symbols by PDSCH with same PDSCH mapping types. The overlapping PDSCHs by earlier scheduling to the UE will be discarded.
Proposal 3: A UE can fully decode the PDSCH with mapping type B, if it is overlapped in PRBs and OFDM symbols by a PDSCH with mapping type A. The PDSCH wit mapping type A is punctured in the overlapping resources.  

TP1:
-------------------------------------Text Proposal for 38.214 section 6.4----------------------------------
	If the first uplink symbol in the PUSCH allocation, including the DM-RS, as defined by the slot offset K2 and the start and length indicator SLIV of the scheduling DCI, is no earlier than at symbol L2 then the UE shall transmit PUSCH where L2 is defined as the next uplink symbol with its CP starting 
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after the end of the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, where 

-
N2 is based on µ of Table 6.4-1 and Table 6.4-2 for UE processing capability 1 and 2 respectively, where µ corresponds to the one of (µDL, µUL) resulting with the largest Tproc,2,  where the µDL corresponds to the subcarrier spacing of the downlink with which the PDCCH carrying the DCI scheduling the PUSCH was transmitted and µUL corresponds to the subcarrier spacing of the uplink channel with which the PUSCH is to be transmitted, and κ is defined in subclause 4.1 of [4, TS 38.211].
-
If the first symbol of the PUSCH allocation consists of DM-RS only, then d2,1 = 0, otherwise d2,1 = 1. 
-
If the HARQ-ACK is multiplexed on PUSCH, then d2,2 = 1, otherwise d2,2 = 0.
·    If the CSI is multiplexed on PUSCH, then d2,3 is based on µ of table 6.4-3, otherwise d2,3 =0. 
-
If the UE is configured with multiple active component carriers, the first uplink symbol in the PUSCH allocation further includes the effect of timing difference between component carriers as given in [11, TS 38.133]. 
-
If the scheduling DCI triggered a switch of BWP, d2,4 equals to the switching time as defined in [11, TS 38.133], otherwise d2,4=0.

Otherwise the UE may ignore the scheduling DCI. 
The value of 
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Table 6.4-1: PUSCH preparation time for PUSCH timing capability 1
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Table 6.4-2: PUSCH preparation time for PUSCH timing capability 2
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Table 6.4-3: Preparation time of CSI multiplexing on PUSCH than data only PUSCH
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