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1. Introduction
In this contribution, we first discuss the remaining issues on HARQ-ACK codebook determination including Type-1 and Type-2 HARQ-ACK codebook. After that, some remaining issues on CA are discussed.

2. HARQ-ACK codebook determination 
2.1. Type-1 HARQ-ACK codebook 
In the RAN1#92 meeting, the following working assumption were achieved [1] regarding to Type-1 HARQ-ACK codebook to avoid unnecessarily large HARQ-ACK codebook size:
	Working assumption:
· When a UE is configured with semi-static HARQ-ACK Codebook, on a per cell basis:
· If the UE indicates capability to receive more than one unicast PDSCH per slot, it assumes a max number of non-overlapping candidate unicast PDSCH occasions per slot as determined by the SLIV in the configured pdsch-symbolAllocation table. 
· Otherwise, the UE is expected to receive only one unicast PDSCH per slot, and HARQ-ACK association set assumes one unicast PDSCH per slot; 
· Handling HARQ-ACK for PDCCH for SPS release follows the same way as in LTE


In TS38.213 section 9.1.2 [2], it was described as follows:
	

For the set of slot timing values , the UE determines  occasions for candidate PDSCH receptions or SPS PDSCH releases according to the following pseudo-code. 

Set  - index of occasion for candidate PDSCH reception or SPS PDSCH release

Set 

Set 


Set  to the cardinality of set   

Set k =0 – index of slot timing values in set 

while  

Set  to the set of rows provided by pdsch-symbolAllocation


Set  to the cardinality of , 

Set  – index of row provided by pdsch-symbolAllocation 

while 







if the UE is provided higher layer parameter UL-DL-configuration-common, or higher layer parameter UL-DL-configuration-common-Set2,  or higher layer parameter UL-DL-configuration-dedicated and at least one OFDM symbol of the PDSCH time resource derived by row  in slot  is configured as UL or slot , does not include at least one configured PDCCH monitoring occasion for PDCCH with DCI format 1_0 or DCI format 1_1, where  is the k-th slot timing value in set  and  is derived by row  of pdsch-symbolAllocation, 

            ;
end if

; 
end while

If the does not UE indicate capability to receive more than one unicast PDSCH per slot and, 


     else 


With current description, if the UE does not indicate the capability to receive more than one unicast PDSCH per slot, the UE shall generate HARQ-ACK bit(s) for only one unicast PDSCH candidate per slot. Since more than one PDSCHs per slot will never be happening, this is a good way to avoid excessive and constant HARQ-ACK overhead due to configuration of multiple PDSCH candidates in one slot. As such, we believe the working assumption should be confirmed for typical cases.
However, there is one missing case; even if the UE only supports up to one unicast PDSCH per slot, the UE may receive one PDCCH indicating SPS PDSCH release in the same slot as well. For example, as shown in Fig.1, the UE is scheduled with a PDSCH reception in slot #n+2. At the same time, in slot #n+2, the UE receives a PDCCH indicating a SPS PDSCH release. Current spec. doesn’t consider this case. The problem is when the UE miss detects PDCCH indicating SPS release or fails to detect PDCCH indicating SPS release, the UE tries to decode SPS PDSCH in the next SPS PDSCH transmission slot, while gNB schedules nothing. Then, UE feedbacks NACK on the PUCCH resource which may collide with other UE’s HARQ-ACK feedback transmission.
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Fig.1 UE receives a PDSCH and a PDCCH indicating a SPS PDSCH release in the same slot
Generally, following options can be considered:
· Option 1: For a UE that can only receive up to one PDSCH candidate in one slot, if the UE is configured with SPS PDSCH for a serving cell and if the UE monitors PDCCH with CRC scrambled by CS-RNTI which may indicate SPS PDSCH release, the UE shall generate HARQ-ACK bit(s) for the SPS PDSCH release and for one unicast PDSCH candidate per slot. As a consequence, 
· If HARQ-ACK-spatial-bundling-PUCCH = TRUE, CBG-DL = OFF, and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks for the active DL BWP of serving cell c, or if CBG-DL = OFF and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of one transport block for the active DL BWP of serving cell c, the UE generates two HARQ-ACK bits for the slot for the serving cell, one is for unicast PDSCH and the other is for SPS PDSCH release
· If HARQ-ACK-spatial-bundling-PUCCH = FALSE, CBG-DL = OFF, and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks for the active DL BWP of serving cell c, the UE generates three HARQ-ACK bits for the slot for the serving cell, two bits are for two TBs of the unicast PDSCH and the other one bit is for SPS PDSCH release
· Option 2: For a UE that can only receive up to one PDSCH candidate in one slot, only if the UE receives SPS PDSCH release, the UE shall generate one HARQ-ACK bit for the SPS PDSCH release. In this case, the even for semi-static HARQ-ACK codebook, the HARQ-ACK codebook is dynamic. The HARQ-ACK codebook size depends on whether UE receives SPS PDSCH release in a slot.
· Option 3: For a UE that can only receive up to one PDSCH candidate in one slot, the UE is not expected to receive a SPS PDSCH release and a unicast PDSCH candidate in the same slot.
Among the above options, option 1 can provide better reliability than option 2 and better flexibility than option 3, while lead to more HARQ-ACK feedback overhead since HARQ-ACK bit for SPS PDSCH is always included in the HARQ-ACK codebook regardless of whether UE receives SPS PDSCH release. Option 2 can reduce the HARQ-ACK feedback overhead. However, when UE miss detects a SPS PDSCH release, as mentioned above, NACK feedback for the next SPS PDSCH transmission slot may impact other UE’s HARQ-ACK transmission. Option 3 has less problem except it imposes some scheduling restrictions at the gNB, i.e., gNB can only transmit PDCCH indicating SPS PDSCH release in a slot where no PDSCH is scheduled. Considering that SPS PDSCH release and scheduled PDSCH occur in the same slot is a rare case, restricting gNB scheduling in this case has less performance impact.  Therefore, we propose:
Proposal 1:
· For Type-1 HARQ-ACK codebook determination, confirm the following working assumption with some update:
· When a UE is configured with semi-static HARQ-ACK Codebook, on a per cell basis:
· If the UE indicates capability to receive more than one unicast PDSCH per slot, it assumes a max number of non-overlapping candidate unicast PDSCH occasions per slot as determined by the SLIV in the configured pdsch-symbolAllocation table. 
· Otherwise, the UE is expected to receive only one unicast PDSCH per slot, and HARQ-ACK association set assumes one unicast PDSCH per slot; 
· The UE is not expected to receive a SPS PDSCH release and a unicast PDSCH in the same slot in this case.
· Handling HARQ-ACK for PDCCH for SPS release follows the same way as in LTE
2.2. Type-2 HARQ-ACK codebook
In the current TS38.213 [2], the dynamic HARQ-ACK codebook is determined by two loops: the first loop is in increasing order of serving cell index, the second loop is in increasing order of PDCCH monitoring occasion index. Besides, for a PDCCH monitoring occasion, the HARQ-ACK bits are ordered based on the counter DAI value which is counted in increasing order of CC index. So, current spec. only supports the case that UE is configured to monitor only one PDCCH or DCI format in a PDCCH monitoring occasion. However, for a serving cell and a PDCCH monitoring occasion, the UE is possible to be configured to monitor multiple PDCCHs or multiple DCI formats. Dynamic HARQ-ACK codebook should take this case into account. Then the problem is how to determine the HARQ-ACK bits order. Generally, the following options can be considered:
· Option 1: The HARQ-ACK bits order for a CC is determined based on search space (SS) index. And the HARQ-ACK bits order for different CCs is determined based on CC index, i.e., 
· Within a CC, the HARQ-ACK bits order is lower-to-higher SS index. 
· Across CC, the HARQ-ACK bits order is lower-to-higher CC index.
· Option 2: The HARQ-ACK bits order for a CC is determined based on SS index configured with specific DCI formats, i.e., first count DCI format 1_1, then counter DCI format 1_0. And the HARQ-ACK bits order for different CCs is determined based on CC index, i.e., 
· Within a CC, the HARQ-ACK bits order is lower-to-higher SS index where DCI format 1_1 is monitored, then lower-to-higher SS index where DCI format 1_0 is monitored.
· Across CC, the HARQ-ACK bits order is lower-to-higher CC index.
· Option 3: The HARQ-ACK bits order for a monitoring occasion is determined based on DCI format, i.e., first counter DCI format 1_1, then counter DCI format 1_0, i.e., 
· Across CC, the HARQ-ACK bits is lower-to-higher SS index where DCI format 1_1 is monitored with lower-to-higher CC index, then lower-to-higher SS index where DCI format 1_0 is monitored with lower-to-higher CC index.
· The HARQ-ACK bits order for different CCs is independent on CC index.
For example, as shown in Fig.2, for a PDCCH monitoring occasion, assuming UE is configured with four serving cells and the UE is configured to monitor three PDCCHs on CC#0, where DCI format 1_0 is monitored in SS0 and DCI format 1_1 is monitored in SS1 and SS2. The UE is configured to monitor two PDCCHs on CC#2, where DCI format 1_0 is monitored in SS0 and DCI format 1_1 is monitored in SS1. And the UE is configured to monitor a PDCCH with DCI format 1_1 on CC#2. Based on the above discussion, table 1, table 2 and table 3 illustrate how to determine the counter DAI value for the above three options, respectively.
[image: ]
Fig.2 Multiple PDCCHs or multiple DCI formats in one PDCCH monitoring occasion
Table 1: HARQ-ACK bits order for a PDCCH monitoring occasion based on option 1
[image: ]

Table 2: HARQ-ACK bits order for a PDCCH monitoring occasion based on option 2
[image: ]

Table 3: HARQ-ACK bits order for a PDCCH monitoring occasion based on option 3
[image: ]

Comparing all above options, option 1 is simple and straightforward, but when UE miss detects DCI format 1_1, misunderstanding between gNB and UE will occur. Option 3 can reduce misunderstanding between gNB and UE by first count DCI format 1_1 and then count DCI format 1_0 and thus provide more robust HARQ-ACK feedback, but the definition of counter DAI is changed. Option 2 is a trade-off b/w option 1 and option 3 and can reduce misunderstanding between gNB and UE when UE needs to monitor both DCI format 1_0 and 1_1 in the last CC in the monitoring occasion, at the same time, it does not change the counter DAI definition in current spec. Therefore, we propose:
Proposal 2:
· For Type-2 HARQ-ACK codebook determination, multiple PDCCHs or multiple DCI formats in one PDCCH monitoring occasion should be considered. The following principle should be considered when determining the HARQ-ACK bits order:
· The HARQ-ACK bits order for a CC is determined based on SS index configured with specific DCI formats, i.e., first count DCI format 1_1, then counter DCI format 1_0. And the HARQ-ACK bits order for different CCs is determined based on CC index, i.e., 
· Within a CC, the HARQ-ACK bits order is lower-to-higher SS index where DCI format 1_1 is monitored, then lower-to-higher SS index where DCI format 1_0 is monitored.
· Across CC, the HARQ-ACK bits order is lower-to-higher CC index.

3. Remaining issues on CA
In RAN1#92 meeting, RAN1 received some inquiries from RAN2 and RAN2 ask RAN1 to answer the question whether RAN1 support simultaneous configuration of EN-DC and NR PUCCH Scell in NR. To answer the question, RAN1 had some discussion in CA session and following agreements were made [1]:
	Agreements from RAN1#92:
· To respond the LS from RAN2 (on EN-DC):
· Simultaneous configuration of EN-DC and NR PUCCH Scell (PScell)
· Yes, but the UE is not expected to be configured with more than one PUCCH in NR under EN-DC
· Also state that it’s the RAN1 understanding of the intention of the question from RAN2
· Simultaneous transmission of PUCCH and PUSCH in LTE for EN-DC
· Yes


Based on the agreement, it seems simultaneous configuration of EN-DC and NR PUCCH Scell (PScell) is supported in RAN1. However, based on the LS reply to RAN2 in [3] as shown below, whether RAN1 supports simultaneous configuration of EN-DC and NR PUCCH Scell is still FFS. 
	· to answer the question whether RAN1 supports following in NR:
· the scenario RAN2 considers and PH for PUCCH (as in LTE)
RAN1 understanding is the scenario that parallel transmission of PUCCH and PUSCH across primary PUCCH group and secondary PUCCH group is supported. However, in RAN1#91, it was concluded that PHR reporting for PUCCH is not supported at least for Rel.15.
· Simultaneous configuration of EN-DC and NR PUCCH SCell
Further discussion is needed in RAN1.
· Simultaneous transmission of PUCCH and PUSCH in LTE for EN-DC
RAN1 understanding is that when EN-DC is configured simultaneous transmission of PUCCH and PUSCH in LTE is supported.
· to update RAN1 spec to use term “Type3 PH” to refer the PH for SRS as in LTE.
This has been incorporated in the latest version of TS38.213.
· to confirm that phr-ModeOtherCG is used for EN-DC (as for LTE-LTE DC)
RAN1 confirms RAN2 decision.


In our view, the answer should be yes. Since the NR-NR CA with two PUCCH groups is already supported and EN-DC does not impact on power-control on NR PUCCH groups. 
Therefore, we propose:
Proposal 3:
· Clarify that simultaneous configuration of EN-DC and NR PUCCH SCell is already supported in Rel.15 NR from RAN1 point of view.

From RAN2, we received one LS asking the max number of CCs for NR CA [4]:
	RAN2 understands RAN1 agreed following as the maximum number of CCs for a UE in R2-1714164
-	Support of 16 DL carriers without DC and 32 carriers with DC;
-	Support of 16 UL carriers without DC and 32 carriers with DC.

While the different numbers of CCs were assumed for with and without DC in above, RAN2 protocol is to support 32 CC for NR CA also in DL and UL. As a consequence, this implies no restriction for DC on the number of the CCs in each CG from the protocol perspective unless the total number of CCs configured for a UE exceeds 32. 

It is noted that RAN2 does not intend to increase the peak data rate targeted in Rel-15.
2. Actions:
To RAN WG1 group.
ACTION: 	RAN2 respectfully asks RAN1 to check if RAN1 specs support 32 CCs for NR CA.  



We believe there is no difference between supporting up to 16 CCs and up to 32 CCs, from RAN1 point of view. Therefore, we recommend to reply to RAN2 saying that RAN1 does not see the difference between supporting up to 16 DL/UL CCs for NR CA.
Therefore, we propose:
Proposal 4:
· Clarify that RAN1 see any difference between supporting up to 16 DL/UL CCs and up to 32 DL/UL CCs for NR CA.

These information should be delivered to RAN2 by LS:
Proposal 5:
· Send an LS to RAN2 to inform following:
· Simultaneous configuration of EN-DC and NR PUCCH SCell
· RAN1 understanding is that simultaneous configuration of EN-DC and NR PUCCH SCell is already supported in Rel.15 NR from RAN1 point of view.

4. Conclusion
In this contribution, we discuss the remaining issues on HARQ-ACK codebook determination and simultaneous configuration of EN-DC and NR PUCCH Scell. Following proposals are made: 
Proposal 1:
· For Type-1 HARQ-ACK codebook determination, confirm the following working assumption with some update:
· When a UE is configured with semi-static HARQ-ACK Codebook, on a per cell basis:
· If the UE indicates capability to receive more than one unicast PDSCH per slot, it assumes a max number of non-overlapping candidate unicast PDSCH occasions per slot as determined by the SLIV in the configured pdsch-symbolAllocation table. 
· Otherwise, the UE is expected to receive only one unicast PDSCH per slot, and HARQ-ACK association set assumes one unicast PDSCH per slot; 
· The UE is not expected to receive a SPS PDSCH release and a unicast PDSCH candidate in the same slot in this case.
· Handling HARQ-ACK for PDCCH for SPS release follows the same way as in LTE
Proposal 2:
· For Type-2 HARQ-ACK codebook determination, multiple PDCCHs or multiple DCI formats in one PDCCH monitoring occasion should be considered. The following principle should be considered when determining the HARQ-ACK bits order:
· The HARQ-ACK bits order for a CC is determined based on SS index configured with specific DCI formats, i.e., first count DCI format 1_1, then counter DCI format 1_0. And the HARQ-ACK bits order for different CCs is determined based on CC index, i.e., 
· Within a CC, the HARQ-ACK bits order is lower-to-higher SS index where DCI format 1_1 is monitored, then lower-to-higher SS index where DCI format 1_0 is monitored.
· Across CC, the HARQ-ACK bits order is lower-to-higher CC index.
Proposal 3:
· Clarify that simultaneous configuration of EN-DC and NR PUCCH SCell is already supported in Rel.15 NR from RAN1 point of view.
Proposal 4:
· [bookmark: _GoBack]Clarify that RAN1 see any difference between supporting up to 16 DL/UL CCs and up to 32 DL/UL CCs for NR CA.
Proposal 5:
· Send an LS to RAN2 to inform following:
· Simultaneous configuration of EN-DC and NR PUCCH SCell
· RAN1 understanding is that simultaneous configuration of EN-DC and NR PUCCH SCell is already supported in Rel.15 NR from RAN1 point of view.
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