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1 Introduction
In the RAN1 meeting AH 1801, the following decision was made [1]: 
	Agreements:
· Place HARQ-ACK bit(s) in response to SPS PDSCH after ones in response to dynamic PDSCH in the HARQ-ACK codebook

Agreements:

· For semi-static HARQ-ACK codebook, the UE provides CBG-based HARQ-ACK in response to detecting DCI format 1_0 for PDSCH reception on a cell with configuration for CBG-based HARQ-ACK

Agreements:

· No additional bundling for HARQ-ACK is supported when the actual coding rate for UCI on PUCCH exceeds the configured coding rate

· In this case, no dropping of HARQ-ACK

· If the actual coding rate on PUCCH carrying HARQ-ACK/SR only exceeds the configured coding rate, the UE is expected to proceed with the PUCCH transmission carrying the HARQ-ACK/SR
Agreements:

· DCI 0-0 doesn’t contain DAI

· DCI 1-0 contains a 2-bit counter DAI but doesn’t contain total DAI

Agreements:

· Regarding how to select PUSCH for piggybacking UCI 

· Follows the LTE-approach

· FFS whether or not there are any specific issues

Working assumption:

· In case a UE is configured for semi-static HARQ-ACK codebook determination, when the UE detects to receive only one PDSCH on the Pcell, the UE reports HARQ-ACK only for the one PDSCH

· FFS whether additional constraints are necessary for the above operation


This paper discussed the FFS apsects and states our views.  
2. Discussion
2.1 Default HARQ-ACK Codebook 
Two HARQ-ACK codebook determination approaches are supported in NR, i.e. type-1 HARQ-ACK codebook (Semi-static) and type-2 HARQ-ACK codebook (Dynamic). For the semi-static HARQ-ACK codebook scheme, UE determines the HARQ-ACK codebook size according to the number of configured CCs and the size of the HARQ-ACK bundling window. While, type-2 HARQ-ACK codebook can dynamically adapt the HARQ-ACK payload to the actually scheduled PDSCH transmissions and therefore minimize the HARQ-ACK payload.  
In the past meeting [1], the issue of HARQ-ACK codebook determination before RRC connection has been raised. Accroding to the agreement [1], for PDSCH transmission before RRC connection, the set of timing values K1 between PDSCH and HARQ-ACK is defined in specification to use values {1,2,3,4,5,6,7,8}. Correspondingly, eight HARQ-ACK bits may need to be transmitted if type-1 HARQ-ACK codebook is used. On the other hand, type-2 HARQ-ACK codebook determination can reduce the HARQ-ACK payload to 1 bit and hence enable efficient UL resource utilization and increase UL coverage.   
Proposal 1: 

· Type-2 HARQ-ACK codebook is used before UE is configured with a HARQ-ACK codebook type.   
2.2 UCI mapping on PUSCH 
2.2.1 CCs in a PUCCH group with a same numerology 

It was agreed to reuse LTE approach (i.e. PUSCH with lowest CC index) to select PUSCH for piggybacking UCI [1]. An additional aspect to consider is whether or not there are any specific issues for UCI multiplexing in PUSCH when scheduling timing of PUSCHs on different CCs in a same slot are not identical. 
It should be noted that the following was concluded in the RAN1 #90Bis meeting [2], targetting for both a single CC and carrier aggregation case: 
	Agreements:

· In Rel-15, do not support the case when DL assignments are later than UL grant mapped to the same time instance for HARQ-ACK transmission on PUSCH


Following this agreement, PDSCH assignments across all the aggregated CCs should not be later than UL grant of PUSCH mapped for HARQ transmission. There is no issue to reuse LTE CC selection principle for HARQ-ACK transmission. This scheduling restriction of PDSCH assignments before the UL grant in CA is not expected to be a material limitation in practice as gNB can control the scheduling and HARQ-ACK timing across CCs. 

Proposal 2: 

· No additional restriction for following the LTE-approach to select PUSCH for piggybacking UCI in case of a same numerology across CCs. 
2.2.2 CCs in a PUCCH group with two different numerologies 

In the RAN plenary meeting, the following was agreed for NR-NR CA [1]

	For NR-NR CA, finalization of the work to enable up to 2 different numerologies within the same PUCCH group (PUCCH sent on the CC with smaller SCS) in RAN1 in Q1, and in RAN4 (Core) for Q2, for the December drop.


Especially, as highlighted above, PUCCH Cell was restricted to the CC with smaller SCS within a PUCCH group. 

In addition, the following was agreed in RAN1 # 90 meeting and RAN1 #91 meeting respectively for HARQ-ACK timing of DL transmissions with different numerologies and parallel PUCCH and PUSCH transmissions: 

	Agreements:
· Confirm the WA at RAN1 NR AH#2

· HARQ-ACK transmission related to multiple DL component carriers is supported for DL component carriers operating with the same and different numerology

· The time granularity of a HARQ-ACK transmission on PUCCH, indicated in the DCI scheduling the PDSCH, is based on the numerology of PUCCH transmission

Conclusion:
· It is understood that parallel PUCCH and PUSCH transmissions on the same cell is deprioritized from the Dec. release, and parallel PUCCH on one cell and PUSCH on a different cell (or UL vs. SUL for the serving cell) within a cell group is also deprioritized in the Dec. release 

· From RAN1 perspective, this entire feature is not supported in Rel-15

· Note: across cell groups, parallel PUCCH in one group vs. PUSCH in the other goup is supported 


Figure 1 provides an example of parallel UL transmissions with two different numerologies within a PUCCH group are scheduled and termed as “one slot pair” for discussion hereinafter. 
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Figure 1: One example of slot pair overlapped in time domain across CCs


Given the timing granularity of a HARQ-ACK transmission for DL CCs with the different numerologies always based on the numerology of the PUCCH transmission and PUCCH was greed to be always on the CC with a smaller SCS (i.e longer slot duration), it can be observed that only the first slot within a slot pair on a CC with larger SCS (e.g. slot #2n on the CC#1) can be potentially used for HARQ-ACK feedback on PUSCH. Note that if PUSCH in the first slot on CC with larger SCS is not scheduled, PUCCH on the CC#0 will be transmitted and carry HARQ-ACK bits. 

Observation 1

· Only PUSCH in the first slot of a slot pair on a CC with larger SCS can be potentially used for HARQ-ACK feedback. 
When different numerologies are used for different UL CCs, overlapping UL transmissions across CCs may occur in a slot pair between

1. PUSCH and PUSCH 

2. PUCCH and PUSCH

Rules are needed to handle these cases in accordance to the design principle that already agreed, i.e.  parallel PUCCH on one cell and PUSCH on a different cell (or UL vs. SUL for the serving cell) within a cell group is also deprioritized. 

For Case 1, LTE principle can be reused to piggyback UCI on the PUSCH that is earlier transmitted on a lower CC index i.e. the first PUSCH on the CC#0 in C1, C2, C3, C4 and C6 of FIG.2. A special case of PUSCH and PUSCH parallel transmissions occurs in case the PUSCH transmission on the CC with larger SCS is later than that on the CC with smaller SCS i.e. C5 in FIG. 2. As discussed above, the HARQ-ACK should be transmitted on the PUSCH on CC#1 in this case due to the HARQ timing is indicated based on the SCS of PUCCH that always uses the smaller SCS and PUSCH on CC#1 is transmitted earlier.    
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Figure 2:  Parallel transmissions of PUSCH with different numerologies


Proposal 3: 

· In case of parallel PUSCHs transmissions across CCs, HARQ-ACK bits are piggaybacked on the PUSCH that is earlier transmitted on a lower CC index. 
For Case 2, the HARQ-ACK bits can be transmitted on the PUSCH in slot 2n on CC#1 in case of C1 and C3 and then PUCCH on CC#0 would be dropped following the rule of no parallel transmission of PUCCH and PUSCH. However, in C2 of FIG.3, PUSCH is scheduled in the slot 2n+1 on CC#1 and should be dropped and HARQ-ACK bits are then mapped to PUCCH on CC#0 due to the simutanous transmission of PUCCH and PUSCH is not supported in Rel-15 within a PUCCH group. 
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Figure 3:  Collision between PUSCH and PUCCH with different numerologies


Proposal 4: 

· In case of collision of PUSCH and PUCCH transmissions across CCs within a slot pair, if PUSCH is transmitted not later than PUCCH, HARQ-ACK bits are piggaybacked on the PUSCH and PUCCH is dropped; Othewise, HARQ-ACK is transmitted on PUCCH and the later PUSCH is dropped. 
2.3 Dynamic PUCCH format adaptation 
NR supports a variety of PUCCH formats with different HARQ-ACK payload and multiplexing capacity. In order to achieve efficient PUCCH resource usage, dynamic PUCCH format selection also needs to be supported for semi-static HARQ-ACK codebook when only one PDSCH is received on PCell. 

A DL assignment on PCell only require only 1 or 2 HARQ-ACK bits and generally UE could adapt from PUCCH format 2/3/4 to PUCCH format 0/1 in this case to reduce control signaling overhead. However, PDCCH with DL assignment may be missed at the UE. Hence, adopting the PUCCH format adaptation based on the detected PDSCH on PCell is therefore ambiguous and would require testing of different hypotheses at the gNB. Despite the increased complexy for the gNB, one obvious problem with PUCCH format adapation in case of semi-static HARQ-ACK codebook is that in case the UE is scheduled more than one PDSCHs and missed one of grants, there will be ambigurity between gNB and UE regarding the missed PDSCH(s). One example is given in FIG.4. In this example, we assume two PDSCHs are scheduled on PCell. In case the DCI on slot n+1 is missed at UE, 1 bit HARQ-ACK (e.g. ACK assuming non-MIMO TM) will be feeback to gNB. However, gNB can not utilize this 1-bit HARQ-ACK since it has no information w.r.t. which PDSCH of these two is missed by UE. Hence, all these two PDSCHs have to be retransmitted and thus degrade the throughput performance.  
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Figure 4: Ambigurity of HARQ-ACK association with PDSCH due to miss detection of PDSCH(s).


Observation 2: 
· All of scheduled PDSCH have to be retransmitted when more than one PDSCH were scheduled for a given UE in case PUCCH format adaption was supported for semi-static HARQ-ACK codebook configuration.   
This issue can be mitigated by also adding 1-bit DAI IE in DCI format 1_1 to trigger PUCCH fallback for semi-static HARQ-ACK codebook as in legacy LTE sysem where PUCCH format fallback is tied with DAI=1 detection. Then, UE would fallback to PUCCH format 0/1 if UE only receives PDCCH with DAI=1 on PCell. Otherwise, UE uses the corresponding PUCCH format determined by the semi-static HARQ-ACK codebook. 

Proposal 5: 
· If the PUCCH format adaption is supported for semi-static HARQ-ACK codebook
· Introduce 1-bit DAI flag in DCI format 1_1 for semi-static HARQ-ACK codebook configuration. 
· In case a UE is configured for semi-static HARQ-ACK codebook determination, when the UE detects to receive only one PDSCH on the Pcell with DAI =1, the UE reports HARQ-ACK only for the one PDSCH. 
3. Conclusions

In this contribution, we discussed the FFS aspects related to CA, especially on HARQ-ACK feedback operations. The following observation and proposals were made to complete the specification on NR CA:
Observation 1

· Only PUSCH in the first slot of a slot pair on a CC with larger SCS can be potentially used for HARQ-ACK feedback. 
Observation 2: 
· All of scheduled PDSCH have to be retransmitted when more than one PDSCH were scheduled for a given UE in case PUCCH format adaption was supported for semi-static   

Proposal 1: 

· Type-2 HARQ-ACK codebook is used before UE is configured with a HARQ-ACK codebook type.   
Proposal 2: 

· No additional retriction to follow the LTE-approach to select PUSCH for piggybacking UCI. 
Proposal 3: 

· In case of parallel PUSCHs transmissions across CCs, HARQ-ACK bits are piggaybacked on the PUSCH that is earlier transmitted on a lower CC index. 
Proposal 4: 

· In case of collision of PUSCH and PUCCH transmissions across CCs within a slot pair, if PUSCH is transmitted not later than PUCCH, HARQ-ACK bits are piggaybacked on the PUSCH and PUCCH is dropped; Othewise, HARQ-ACK is transmitted on PUCCH and the later PUSCH is dropped. 
Proposal 5: 
· If the PUCCH format adaption is supported for semi-static HARQ-ACK codebook
· Introduce 1-bit DAI flag in DCI format 1_1 for semi-static HARQ-ACK codebook configuration. 
· In case a UE is configured for semi-static HARQ-ACK codebook determination, when the UE detects to receive only one PDSCH on the Pcell with DAI =1, the UE reports HARQ-ACK only for the one PDSCH.    
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