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Introduction

In previous meetings, agreements related to PUCCH and UCI multiplexing has been achieved [1] while some remaining points are still need to be discussed. This contribution focus on two special cases left by R1 #94b meeting for UCI/PUSCH multiplexing and provide a text proposal for “last DCI” definition.
CR on NR PUCCH

PUCCH overlaps with 4 symbol PUSCH

In R1 #94b meeting we have the following conclusion 

	Conclusion:

It is clarified at least the following cases are error cases for Rel-15. How to handle the error cases is up to UE implementation.

PUCCH overlaps with 1-symbol PUSCH 

PUCCH overlaps with 2-symbol or 3-symbol PUSCH with frequency hopping enabled 

HARQ-ACK on PUCCH overlaps with 4-symbol PUSCH with DMRS on the last symbol without frequency hopping enabled for PUSCH

FFS the case of frequency hopping enabled – to conclude in RAN1#95

No spec update is necessary for the above 


For HARQ-ACK on PUCCH overlaps with 4-symbol PUSCH with DMRS on the last symbol with frequency hopping enabled for PUSCH, whether it is error case is still FFS. According to current spec TS 38.211, the DMRS location for PUSCH with frequency hopping is as below,

Table 6.4.1.1.3-6: PUSCH DM-RS positions 
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 within a slot for single-symbol DM-RS and intra-slot frequency hopping enabled. 
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[image: image3.png]




	
	[image: image4.png]



	[image: image5.png]



	

	
	dmrs-AdditionalPosition
	dmrs-AdditionalPosition
	dmrs-AdditionalPosition

	
	0
	1
	0
	1
	0
	1

	
	1st
hop
	2nd
hop
	1st
hop
	2nd
hop
	1st
hop
	2nd
hop
	1st
hop
	2nd
hop
	1st
hop
	2nd
hop
	1st
hop
	2nd
hop

	≤3
	-
	-
	-
	-
	-
	-
	-
	-
	0
	0
	[image: image6.png]



	0

	4
	2
	0
	2
	0
	3
	0
	3
	0
	0
	0
	[image: image7.png]



	0

	5, 6
	2
	0
	2
	0, 4
	3
	0
	3
	0, 4
	0
	0
	[image: image8.png]0,4




	0, 4

	7
	2
	0
	2, 6
	0, 4
	3
	0
	3
	0, 4
	0
	0
	[image: image9.png]0,4




	0, 4


The “duration in symbols” in the above table is the duration in symbols per hop. It can be observed that if PUSCH mapping type A is used, there is no position for DMRS for 2-symbol PUSCH each hop, that means PUSCH with 4-symbol and with frequency hopping is an error configuration for PUSCH mapping type A and gNB should avoid this scheduling case. And if PUSCH mapping type B is used, l0 should be 0, and it will be contradictory to the premise that “with DMRS on the last symbol” which means l0=3. 

Based on above analysis, we think it is reasonable to regard “HARQ-ACK on PUCCH overlaps with 4-symbol PUSCH with DMRS on the last symbol with frequency hopping enabled for PUSCH” as an error case.
Proposal 1: Take “HARQ-ACK on PUCCH overlaps with 4-symbol PUSCH with DMRS on the last symbol with frequency hopping enabled for PUSCH” as an error case.
Null A-CSI report overlap with other UL channels
In last R1 #94 meeting the dummy/null A-CSI report without UL-SCH overlaps with other PUCCH channels is raised but with no conclusion. DCI (DCI format 0_1) trigger the UL A-CSI report has the setting that “UL-SCH indicator” set to 0 (no data) and reportQuantity = none (no CSI report), so that nothing needs to be transmitted on the PUSCH. This dummy/null A-CSI report without UL-SCH can be used for UE monitoring A-CSI-RS for P3 beam refinement or monitoring aperiodic TRS for DL tracking loop and/or UE receiver/transmitter beam refinement 

If the PUSCH for null A-CSI report overlaps other PUCCH channels, it is reasonable that UE would not take this dummy PUSCH into consideration. That means this dummy PUSCH will be regarded as not existed by UE thus UE would not multiplex UCI on this PUSCH or drop CSI with lower priority or any similar behaviors. 

Additionally,the current spec has the restriction that，

A UE does not multiplex in a PUSCH transmission HARQ-ACK information that is in response to PDSCH reception or SPS PDSCH release scheduled by DCI format 1_0 or DCI format 1_1 that the UE detects in a PDCCH monitoring occasion that starts after a PDCCH monitoring occasion where the UE detects a DCI format 0_0 or a DCI format 0_1 scheduling the PUSCH transmission
Since UCI should be transmitted into PUCCH instead of being multiplexed to PUSCH, this dummy PUSCH UL grant/ should not be regarded as a restriction for the subsequent PDSCH scheduling. That is gNB can still schedule one or more PDSCHs with corresponding HARQ-ACK overlapping with the dummy PUSCH even after the UL grant, as shown in Fig. 1
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Fig.1 PDSCH scheduling restriction is cancelled for dummy PUSCH UL grant
If the above PDSCH scheduling restriction is canceled in this situation, the UL DAI in the UL grant may not be the final number of PDSCHs with corresponding HARQ-ACK overlapping with the dummy PUSCH. For example, in Fig.1, the final number of PDSCHs that should be feedback in HARQ-ACK resource is 4, but the UL DAI in the UL grant will be 2. A direct solution is the UL DAI in the UL grant for dummy PUSCH will be neglected if there are one or more subsequent PDSCHs scheduling with corresponding HARQ-ACK overlapping with the dummy PUSCH. However, the UL DAI still can be effective if UE does not receive any subsequent PDSCH subsequent PDSCHs scheduling with corresponding HARQ-ACK overlapping with the dummy PUSCH.  
Proposal 2: PUSCH for dummy/null A-CSI report without UL-SCH should be regarded as not existed at the UCI dropping/mux operation. 

Proposal 3: gNB should be allowed to schedule subsequent PDSCHs after UL grant for dummy PUSCH and with corresponding HARQ-ACK overlapping with the dummy PUSCH.

Proposal 4: UL DAI in the UL grant for dummy PUSCH will be neglected if there are one or more subsequent PDSCHs scheduling with corresponding HARQ-ACK overlapping with the dummy PUSCH.
Last DCI determination 
PUCCH resource is indicated by the “last DCI”. That “last DCI” is defined in section 9.2.3. The current specs in following highlight part would be read as it is indexed among different cells and indexed by monitoring occasion indexes in a cell. That means the highest cell ID will always have the last DCI regardless its PDCCH transmit in an earlier symbol. For gNB scheduling, it is not desirable to predict scheduling and PUCCH resource allocation in earlier symbols even if it may schedule PDSCH later in cell with lower cell index. 

	For a PUCCH transmission with HARQ-ACK information, a UE determines a PUCCH resource after determining a set of PUCCH resources for 
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 HARQ-ACK information bits, as described in Subclause 9.2.1. The PUCCH resource determination is based on a PUCCH resource indicator field [5, TS 38.212] in a last DCI format 1_0 or DCI format 1_1, among the DCI formats 1_0 or DCI formats 1_1 that have a value of a PDSCH-to-HARQ_feedback timing indicator field indicating a same slot for the PUCCH transmission, that the UE detects and for which the UE transmits corresponding HARQ-ACK information in the PUCCH where, for PUCCH resource determination, detected DCI formats are first indexed in an ascending order across serving cells indexes and are then indexed in an ascending order across PDCCH monitoring occasion indexes. 


Another problem is the “index of PDCCH monitoring occasion” is unclear as the number of monitoring occasions per period is configured per SS per cell. Then, the larger index of occasion in one cell does not mean the latest monitoring occasion among all the cells.
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Fig. 2 The concurrent monitoring occasions for 2 BWPs/CCs having different SCSs,

If 2 BWPs in 2 cells have different SCSs, we should also be able to identify the real last DCI in the last monitoring occasion. As shown in Figure 1, occasions starting in same time should be distinguished, e.g. occasion2@CC0 is same time as occasion1@CC1. Then, occasion1@CC1 can be looked as the last one if no PDCCH is detected in monitoring occasion3.

In addition, the last meeting agrees [2] to have UE category 3-5b to support simultaneous 2 DL DCI in same PDCCH monitoring occasion. Thus, the last DCI should also be distinguished from DCIs in same occasion by CORESET ID and CCE index. 

The proposed text is: “…, for PUCCH resource determination, the last detected DCI format is in the monitoring occasions starting latest in time, then with the highest serving cell index, then with highest CORESET ID and then with the highest CCE index among the detected DCI formats are first indexed in an ascending order across serving cells indexes and are then indexed in an ascending order across PDCCH monitoring occasion indexes.”
Proposal 5: Last DCI determination should be in the latest monitoring occasion and distinguished by CC index, CORESET ID and CCE index.
Conclusion

In this contribution, we present our further views on PUCCH and UCI multiplexing. In summary, we have the following proposals for capturing. 

Proposal 1: Take “HARQ-ACK on PUCCH overlaps with 4-symbol PUSCH with DMRS on the last symbol with frequency hopping enabled for PUSCH” as an error case.
Proposal 2: PUSCH for dummy/null A-CSI report without UL-SCH should be regarded as not existed at the UCI dropping/mux operation. 

Proposal 3: gNB should be allowed to schedule subsequent PDSCHs after UL grant for dummy PUSCH and with corresponding HARQ-ACK overlapping with the dummy PUSCH.

Proposal 4: UL DAI in the UL grant for dummy PUSCH will be neglected if there are one or more subsequent PDSCHs scheduling with corresponding HARQ-ACK overlapping with the dummy PUSCH.
Proposal 5: Last DCI determination should be in the latest monitoring occasion and distinguished by CC index, CORESET ID and CCE index. 
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