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1. Introduction
In this contribution, we present our views on remaining issues for CA, mainly focusing on CA with mixed numerology. NR-CA with multiple numerologies across carriers is one of very important scenarios for us. At first, we would like to clarify that Rel.15 NR supports simultaneous configuration of EN-DC and NR PUCCH Scell, i.e., EN-DC and NR-CA with two NR PUCCH-groups. Then, we discuss some remaining issues on type1 HARQ-ACK codebook for NR-CA with different numerologies within a PUCCH-group. Lastly, we discuss one related aspect; PUCCH format/resource determination based on the ‘last’ DCI. 

2. Support of EN-DC + PUCCH-SCell
In RAN1#92 meeting, the following agreements [1] were made on EN-DC to respond the LS from RAN2:
	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


According to the above agreements, it seems simultaneous configuration of EN-DC and NR PUCCH Scell (PScell) is supported in RAN1. However, in the LS reply to RAN2 in [2] as shown below, whether RAN1 supports simultaneous configuration of EN-DC and NR PUCCH Scell is not answered. 
	· 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.



We believe that EN-DC and two NR-PUCCH groups is important, and should be clarified to be supported in Rel.15. 
One promising use case is EN-DC where NR aggregates multiple CCs with different numerologies on FR1 and FR2. For example, as shown in Fig.1, two CCs on different frequency range are configured for NR, where the Primary SCell (PSCell) is configured on sub-6GHz with 30kHz of SCS, while the SCell is configured on mmw with 120kHz of SCS. If no more than one NR PUCCH-group is configurable for NR CG in EN-DC, gNB and UE are required to support tight coordination across FR1 and FR2 using different numerologies, which makes implementation to be complicated and NW deployment to be restrictive. Furthermore, according to the previous RAN1 agreements, HARQ timing for PDSCHs on all serving cells in the same NR PUCCH-group is determined by the numerology of the PUCCH-Cell in the NR PUCCH-group. It can be said that PUCCH-Cell is typically set on a serving cell in FR1. Therefore, HARQ performance is limited by the numerology of FR1 cell and the TDD configuration or UL-DL assignment of the serving cell (if FR1 PUCCH-cell is TDD carrier). Figure 2 illustrates an example of NR-CA across FR1 and FR2 within a NR PUCCH-group assuming our interested TDD configurations on FR1 and FR2 [3]. As seen in Fig. 2, unless TDD UL-DL cycle on FR1 PUCCH-Cell is set to be a short period, the TDD UL-DL cycle is relatively too long from FR2 serving cell point of view. On the other hand, short TDD UL-DL cycle on FR1 PUCCH-Cell is in many cases not available due to certain reasons, e.g., LTE-TDD carriers on adjacent/near bands. Because of this, it is not possible to achieve full benefit of aggregating FR1 serving cells with FR2 serving cells in one PUCCH-group. For example, in case of Fig.2, within the TDD UL-DL cycle of FR1 PUCCH-Cell, necessary number of HARQ processes for FR2 serving cells is 29, which is much larger than the supported maximum number of HARQ processes in NR. Therefore, NW would lose a lot of scheduling opportunities for DL resources in FR2 serving cells due to lack of HARQ processes, and the achievable throughput obtained by aggregating FR2 serving cells is capped.
[image: ]
Figure1: Example of EN-DC without PUCCH SCell
[image: ]
Figure2: Example of maximum number of HARQ processes
Configuring two NR PUCCH-groups on FR1 and FR2 can resolve this problem. In this case, network can configure one NR PUCCH group for sub-6GHz and one NR PUCCH group for mmw. And scheduling/HARQ operations are performed in each NR PUCCH group independently for sub-6GHz and mmw. Therefore, tight coordination between different numerologies is not needed as illustrated in Fig.3. 
[image: ]
Figure3: Example of EN-DC with PUCCH SCell

Observation 1: 
· PUCCH group concept is useful to avoid the tight coordination between CCs configured with different numerology.

One discussion point is whether we have technical challenges to support simultaneous configuration of EN-DC and two NR PUCCH-groups. For LTE-DC, such simultaneous configuration was not supported for specification simplicity and we would like to recap it first. In LTE-DC specified in Rel-12, RAN1 specified that prioritization rules of UL transmissions across different CGs in DC for the case of UL power limited case. Specifically, in the synchronous case, the prioritization rule is channel based, e.g. UE allocates more transmission power to the channel which has relatively higher priority. RAN1 has eventually discussed and specified such prioritization rule for all the combinations of channels in Rel-12. In Rel-13, when RAN1 discussed how to specify such prioritization rule, it was agreed to fully utilize the LTE-DC rules to UL transmissions across different PUCCH groups [4]. However, if simultaneous configuration of DC and PUCCH SCell is supported, RAN1 should have had to specify the additional rule for the 3 PUCCH transmissions which make the spec complicated. 
Observation 2: 
· For LTE-DC, the simultaneous configuration of DC and PUCCH SCell was excluded to avoid specifying the additional prioritization rule of power limited case in RAN1.

On the other hand, if we look at EN-DC and NR-CA with two NR PUCCH-groups where one NR PUCCH-group for FR1 and another NR PUCCH-group for FR2, the situation has changed. Between LTE CG and NR PUCCH-group on FR1, the prioritization rule is much simpler since it is CG based. When UE detects the possibility of UL power limitation, NR UL transmission is deprioritized always. For the part of NR-CA with two NR PUCCH-groups where one NR PUCCH-group for FR1 and another NR PUCCH-group for FR2, power-control issue does not exist since these NR PUCCH-groups use independent power-controls. Therefore, for this particular EN-DC and NR-CA with two NR PUCCH-groups, there is no additional specification work. 
Observation 3: 
· Unlike in LTE-DC, there is no technical showstopper to exclude simultaneous configuration of EN-DC and NR-CA with two NR PUCCH-groups at least for the case where only one NR PUCCH-group is present on FR1.

If the two NR PUCCH-groups are configured either on FR1 or on FR2, power-control is necessary between two NR PUCCH-groups. Nevertheless, this power-control between two NR PUCCH-groups is anyway necessary in the specification. 
From above observations, we believe simultaneous configuration of EN-DC and NR-CA with two PUCCH-groups should be supported in Rel.15. 
Proposal 1:
· Support simultaneous configuration of EN-DC and NR-CA with two PUCCH-groups in Rel-15 NR.

In the current TS38.202 section 6 [5], the description is not clear whether EN-DC is taken into account. If this part does not take into account LTE CG of EN-DC, the notion “DC” should be removed since NR-NR DC has not been specified yet in this version. If this part takes into account LTE CG of EN-DC, it should be clarified that p, p’, q, j, k, are the numbers across LTE CG and NR CG. From the current description, we can assume LTE CG is taken into account. Hence, we propose the following text proposal:
	[bookmark: _Toc501028407]6	Simultaneous transmission and reception of physical channels and physical signals
This clause describes the requirements from the UE to send and receive multiple physical channels and physical signals simultaneously depending on the capabilities and service requirements. The following notation is used between both the uplink and downlink subclauses below.
-	p is the number of uplink carriers configured for the UE on which physical channels can be transmitted
-	p' is the number of uplink carriers configured for the UE on which SRS can be transmitted
-	q is the number of downlink carriers configured for the UE
-	j is the number of cell groups configured for the UE. In the case of non-EN-DC, j=1, while for EN-DC, j=2.
-	k is the number of PUCCH groups configured for the UE. In the case of non-DC, k=1 or 2 , while for DC, k=2 with one PUCCH group per cell group.



Proposal 2:
· Adopt the following text proposal for TS38.202 to support simultaneous configuration of EN-DC and NR-CA with two NR PUCCH-groups:
	6	Simultaneous transmission and reception of physical channels and physical signals
This clause describes the requirements from the UE to send and receive multiple physical channels and physical signals simultaneously depending on the capabilities and service requirements. The following notation is used between both the uplink and downlink subclauses below.
-	p is the number of uplink carriers configured for the UE on which physical channels can be transmitted
-	p' is the number of uplink carriers configured for the UE on which SRS can be transmitted
-	q is the number of downlink carriers configured for the UE
-	j is the number of cell groups configured for the UE. In the case of non-EN-DC, j=1, while for EN-DC, j=2.
-	k is the number of PUCCH groups configured for the UE. In the case of non-DC, k=1 or 2 , while for DC, k=2 with one PUCCH group per cell group.



3. Remaining issue on type1 HARQ-ACK codebook
3.1. Type1 HARQ-ACK codebook for NR-CA with CCs using different numerologies within a PUCCH-group
NR supports up to two different numerologies in one NR PUCCH-group. One remaining issue on type1 HARQ-ACK codebook is how to determine the HARQ-ACK association set for CA with two different numerologies in one NR PUCCH-group. Based on our understanding, this issue has not been well addressed so far. For CA with the same numerology, K1 or K2 values can be configured by the NW to satisfy the UE processing capability. However, for CA with different numerologies within a PUCCH-group, the situation would be change. 
For simple illustration, CA with two CCs in one PUCCH group is assumed, where CC1 is configured on sub-6GHz with 30kHz of SCS and CC2 is configured on mmw with 120kHz of SCS and PUCCH is configured on CC1. If the PUCCH transmission is configured on CC1, for HARQ-ACK feedback, there are the following cases:
Case 1: HARQ-ACK on PUCCH on CC1
Case 2: HARQ-ACK on PUSCH on CC1
Case 3: HARQ-ACK on PUSCH on CC2
In table 1, we analyze the UE processing time for PDSCH on CC1 and CC2 for different cases.
Table 1: Analysis on UE processing time for PDSCH on CC1 and CC2 for Case 1-3
	
	Numerology of DL
	Numerology of UL
	Numerology for UE processing time min(u_DL, u_UL)
	Notes

	Case 1: HARQ-ACK on FR1 PUCCH
	PDSCH on FR1: u_DL = 1
	u_UL = 1
	u=1
	The set of K1 values is based on PUCCH-Cell. If, e.g., K1= {2,3,4,5,6,7}, the HARQ RTT needs to be quite large from FR2 point of view.


	
	PDSCH on FR2： u_DL=3
	u_UL = 1
	u=1
	

	Case 2: HARQ-ACK on FR1 PUSCH
	PDSCH on FR1: u_DL = 1
	u_UL = 1
	u=1
	

	
	PDSCH on FR2: u_DL=3
	u_UL = 1
	u=1
	

	Case 3: HARQ-ACK on FR2 PUSCH
	PDSCH on FR1: u_DL = 1
	u_UL = 3
	u=1
	Larger K1 or K2 for sub-6GHz is required, while K1 or K2 for mmw can be smaller, e.g., to reduce HARQ-ACK feedback latency for mmw, K1 can be {0,1,4,5,6,7} for mmw. 

	
	PDSCH on FR2: u_DL=3
	u_UL = 3
	u=3
	


Based on the analysis in table 1, it can be find that in some case, e.g., Case 3, UE processing time for CC1 and CC2 is different and therefore, different HARQ timing may be required. However, the problem is that K1 is configured per PUCCH group. Therefore, only one common set of K1 values can be configured for CC1 and CC2 in the PUCCH group. So, generally, there are the following two alternatives:
· Alt.1: The K1 and K2 values are configured such that the values always satisfy the UE processing time N1/N2 requirement.
· Alt.2: The K1 and K2 values are configured such that some of K1 and/or K2 values satisfy the UE processing time N1/N2 requirement, while some doesn’t.
For Alt.1 as shown in Fig.4a, the set of K1 values is configured as {2,3,4,5,6,7} so that UE processing time for PDSCH on sub-6GHz can be satisfied. However, when HARQ-ACK is transmitted on PUSCH on CC2, HARQ-ACK feedback latency or PUSCH scheduling latency for mmw is large. For some latency sensitive UEs, the large latency is not desired. However, if we use Alt.2 as shown in Fig.4b, e.g., K1 is configured as {0,1,4,5,6,7}, the HARQ feedback latency and PUSCH scheduling latency can be reduced. However, for PDSCH on CC1, the UE processing time may be not sufficient. For example, for PDSCH in slot#n+6 and #n+7, there is no sufficient time left. In this case, how to construct the HARQ-ACK codebook needs to be considered. 

[image: ]
Fig.4a: Example for Alt.1

[image: ]
Fig.4b Example for Alt.2
Generally, the following two options can be considered:
· Option 1: reusing the same mechanism as CA with same numerology, as shown in Fig.5a. In this case, UE can simply report ‘NACK’ or ‘ACK’ (which can be regarded as a prior information for HARQ-ACK detection) for the candidate PDSCH occasions which doesn’t satisfy the UE processing capability. 
· Option 2: On top of the mechanism for CA with same numerology, remove K1 values that doesn’t satisfy the UE processing capability, as shown in Fig.5b. In this case, UE does not need to report the HARQ-ACK for these candidate PDSCH occasions since there is no sufficient time left for UE processing.
Option 1 is less efficient since lots of redundant information are transmitted in the HARQ-ACK codebook. However, HARQ-ACK bits detection can be improved by using redundant information. Option 2 can improve the efficiency. For type1 HARQ-ACK codebook, in addition to HARQ-ACK timing, PDSCH resource allocation table is also considered for HARQ-ACK association set determination, therefore, taking UE processing capability into account can significantly improve the HARQ-ACK efficiency especially when there are multiple PDSCH candidate occasions in one slot. Therefore, we prefer option 2.
[image: ]
Fig.5a Example on type1 HARQ-ACK codebook for mixed CA (Option1)
[image: ]
Fig.5b Example on type1 HARQ-ACK codebook for mixed CA (Option2)
Proposal 3:
· For type1 HARQ-ACK codebook for CA with mixed numerology, HARQ-ACK association set is determined by considering UE processing capability.
3.2. Type1 HARQ-ACK codebook for overlapped PDSCHs
In the last RAN1 meeting, how to report the HARQ-ACK for type1 HARQ-ACK codebook was discussed and in general, the following two options were proposed:
· Option 1: Only report the valid HARQ-ACK in HARQ-ACK codebook for the UL slot that is determined by the indicated HARQ-ACK timing in DL assignment, while reporting NACK in HARQ-ACK codebook for the other UL slots
· Option 2: Report the same valid HARQ-ACK in every HARQ-ACK codebook for the corresponding UL slots
The benefit of the option 1 is to improve the decoding performance when HARQ-ACK bits are less than 12 bits. However, the performance gain would be not significant. On the other hand, option 1 loses one possible NW/gNB structure for CA which can be realized by option 2. 
Let’s consider CA with two CCs, e.g., CC1 and CC2. And CC1 is the PUCCH cell. Let’s assume DL/UL assignment and HARQ-ACK bundling window are set as in Fig. 6. UE reports HARQ-ACK by using PUCCH (or PUSCH) on CC1 or PUSCH on CC2, based on how PUSCH scheduling is carried out.
[image: ]
Fig. 6	CA with semi-static HARQ-ACK codebook.
In the above example, based on the current specification (i.e., if option 2 is adopted), each HARQ-ACK bit for each PDSCH is reported twice. NW can control to which CC the HARQ-ACK codebook is transmitted at each UL transmission occasion. From these two facts, it can be said that NW can control the UE to report each HARQ-ACK bit to both CC1 and CC2. This is beneficial for the case where NW configures CA using CC1 and CC2, but CC1 and CC2 at the NW side are loosely coordinated. In the above example, UE sends all HARQ-ACK bits for PDSCH for both CC1 and CC2 using PUCCH on CC1, and also all HARQ-ACK bits for PDSCH for both CC1 and CC2 using PUSCH on CC2. From NW point of view, tight coordination between CC1 and CC2 is not necessary; each CC can get HARQ-ACK bits for own CC.
The above is a simple example, and for such case, this operation is not necessary; however, for CA using FR1 and FR2, or for CA using different numerologies across CCs, or for CA using non-co-located different bands (i.e., CA scenario 4), this mechanism is particularly important. We see the need of supporting CA across FR1 and FR2 in addition to LTE carriers in Rel.15. For UEs not supporting simultaneous configuration of EN-DC and two NR PUCCH-groups, the above operation could be the solution to realize aggregating CCs across FR1 and FR2 with a realistic NW deployment.
For option 1, since valid HARQ-ACK bits are only reported in the HARQ-ACK codebook for the UL that is indicated by the HARQ timing indicator in DL assignment, when HARQ-ACK codebook is transmitted on PUCCH on CC1, some valid HARQ-ACK bits for PDSCH on CC1 may not be reported on CC1. Similarly, when HARQ-ACK codebook is transmitted on PUSCH on CC2, some valid HARQ-ACK bits for CC2 may not be reported on CC2. In this case, the above operation becomes not available.
Based on the above analysis, we have the following:
Proposal 4: 
· For type1 HARQ-ACK codebook, UE should report the same valid HARQ-ACK in every HARQ-ACK codebook for the corresponding UL slots.
4. PUCCH resource determination for HARQ-ACK
In current specification TS 38.213 [4], the descriptions for PUCCH resource determination to report HARQ-ACK are as follows.
	[bookmark: _Toc510987662][bookmark: _Ref500241945]9.2.3	UE procedure for reporting HARQ-ACK
[…]

For transmission of HARQ-ACK information in a PUCCH by a UE, the UE determines a PUCCH resource after determining a set of PUCCH resources for  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 that the UE detects and for which the UE transmits corresponding HARQ-ACK information in the PUCCH where detected DCI formats are indexed in an ascending order first across serving cells indexes and then across PDCCH monitoring occasion indexes.
[…]



According to the above descriptions, multiple HARQ-ACKs for PDSCHs are reported on the PUCCH resource indicated by PUCCH resource indicator field in a last DCI. However, there is no definition which DCI should be treated as the last DCI, which results in different UE behaviors. For example, we have following two options to define/understand the ‘last’ DCI, figure 7 gives the example: 
- Option 1: If PDSCH-to-HARQ-timing-indicator fields in multiple DCIs indicate the same slot, the corresponding HARQ-ACKs are handled as one HARQ-ACK codebook and reported on the same PUCCH resource. The last DCI means that the last DCI among the DCIs indicating the same slot for HARQ-ACK feedback, the PUCCH resource indicator filed in the last DCI determines the PUCCH resource. 
- Option 2: If PDSCH-to-HARQ-timing-indicator fields in multiple DCIs indicate the same slot, and if PUCCH resource indicator fields in the multiple DCIs indicate the same PUCCH resource in the slot, the corresponding HARQ-ACKs are handled as one HARQ-ACK codebook and reported on the same PUCCH resource. The last DCI means the last DCI among the DCIs indicating the same slot and the same PUCCH resource in the slot for HARQ-ACK feedback. 
As shown in the figure 7(a), two HARQ-ACKs are reported on the second PUCCH resource with blue color. HARQ-ACK for earlier transmitted PDSCH e.g. PDSCH#1 needs to be transmitted on the later PUCCH resource, which increases the latency. However, only one PUCCH resource is used hence the amount of consumed resources can be reduced; In figure 7(b), each HARQ-ACK is reported on each PUCCH resource indicated by corresponding PUCCH resource indicator field in respective DCI, which is favorable for latency sensitive traffic. In summary, Option 1 can be applied to eMBB and Option 2 is suitable for URLLC. Therefore, option 1 should be agreed for Rel-15 Dec. drop and option 2 should be supported for June drop URLLC.  Following TP is proposed for Rel-15 Dec. drop.
[image: ]
(a) Option 1
[image: ]
(b) Option 2
Figure 7: PUCCH resource determination for HARQ-ACK
Proposal 5:
· NR adopts the following TP for PUCCH resource determination:
	9.2.3	UE procedure for reporting HARQ-ACK
[…]

For transmission of HARQ-ACK information in a PUCCH by a UE, the UE determines a PUCCH resource after determining a set of PUCCH resources for  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 DCIs indicating the same slot for HARQ-ACK feedback that the UE detects and for which the UE transmits corresponding HARQ-ACK information in the PUCCH where detected DCI formats are indexed in an ascending order first across serving cells indexes and then across PDCCH monitoring occasion indexes.
[…]



5. Conclusion
In this contribution, we discuss the remaining issues on CA and type1 HARQ-ACK codebook. Following observations and proposals are made:
Observation 1: 
· PUCCH group concept is useful to avoid the tight coordination between CCs configured with different numerology.
Observation 2: 
· For LTE-DC, the simultaneous configuration of DC and PUCCH SCell was excluded to avoid specifying the additional prioritization rule of power limited case in RAN1.
Observation 3: 
· Unlike in LTE-DC, there is no technical showstopper to exclude simultaneous configuration of EN-DC and NR-CA with two NR PUCCH-groups at least for Case 2 and Case 3.
Proposal 1:
· Support simultaneous configuration of EN-DC and NR-CA with two PUCCH-groups in Rel-15 NR.
Proposal 2:
· Adopt the following text proposal for TS38.202 to support simultaneous configuration of EN-DC and NR PUCCH SCell:
	6	Simultaneous transmission and reception of physical channels and physical signals
This clause describes the requirements from the UE to send and receive multiple physical channels and physical signals simultaneously depending on the capabilities and service requirements. The following notation is used between both the uplink and downlink subclauses below.
-	p is the number of uplink carriers configured for the UE on which physical channels can be transmitted
-	p' is the number of uplink carriers configured for the UE on which SRS can be transmitted
-	q is the number of downlink carriers configured for the UE
-	j is the number of cell groups configured for the UE. In the case of non-EN-DC, j=1, while for EN-DC, j=2.
-	k is the number of PUCCH groups configured for the UE. In the case of non-DC, k=1 or 2 , while for DC, k=2 with one PUCCH group per cell group.


Proposal 3:
· For type1 HARQ-ACK codebook for CA with mixed numerology, HARQ-ACK association set is determined by considering UE processing capability.
Proposal 4: 
· For type1 HARQ-ACK codebook, UE should report the same valid HARQ-ACK in every HARQ-ACK codebook for the corresponding UL slots.

Proposal 5:
· NR adopts the following TP for PUCCH resource determination:
	9.2.3	UE procedure for reporting HARQ-ACK
[…]

For transmission of HARQ-ACK information in a PUCCH by a UE, the UE determines a PUCCH resource after determining a set of PUCCH resources for  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 DCIs indicating the same slot for HARQ-ACK feedback that the UE detects and for which the UE transmits corresponding HARQ-ACK information in the PUCCH where detected DCI formats are indexed in an ascending order first across serving cells indexes and then across PDCCH monitoring occasion indexes.
[…]



References
[1] 3GPP RAN1#92 Chairman’s note
[2] 3GPP R1-1803351, Reply LS on PHR, RAN1#92.
[3] R4-1806200, ‘TDD configuration for REFSENS requirements,’ NTT DOCOMO, INC.
[4] 3GPP TS38.213, Physical layer procedure for control V15.0.1, Mar. 2018.
[5] 3GPP TS38.202, Services provided by the physical layer W15.1.0, Mar. 2018



- 1/12 -
image3.png
EN-DC
LTE Cell Group~ NR Cell Group

e/

1
1
1
1
DL data ACK DL data ACK DL data ack !
1
1 1
1 1
AN i |
1 1

PCell: PScCell on sub6GHz SCell on mmW | £
(SCS:15kHz) 1(SCS: 30kHz) 1 (SCS:120kHz) 1
1 ! !
\ - ,I \ - /I

Primary PUCCH group Secondary PUCCH group




image4.png
K1={2,3,4,5,6,7}





image5.png
K1=4,5,6,7}

n n+l n+2 33 nea n+5

Low latency for mmw
| 4(m+8)





image6.png




image7.png
for sub-6GHz

4(m+2)

HARQ-ACK codebook: {#n,..., #n+3, #4m,..., #4(m+3)+3, #4(m+6), #4(m+7)+3}
For #n+6 and #n+7: HARQ-ACK is removed from the HARQ-ACK CB




image8.emf
- -
T
O a a
>/ | | | .
(ol P .
_\ 0 ]
SN\.| | ° “
S\ |
0 |
N “
g “
<C I o) o) :
T “
i
2 S
_ i
_ i
e a “
Youllsn n
hlal |al i
__ __
“_ “_
_ i
m“ - - T
' ¥
“m ol | O m“
i
m“ T
|| |2 i
__ __
i __
w ““ - O “m
o~ ,“«Huuh.h.ﬂn_.:h.ﬁ.«u“
AN ol i
C 1] O _“
o ““ “_
v 1
O lilno| | 1
5 i
i
ol |a|
< 1 ““
T X ]
|| 3 1
1] 1
1] X
1] _“
T N= a “x
mllﬂllllll_l\“
o o
| i
“ “
LA a “
| i
| i
L | o =N
| i
! i
| >
I - :
| i
| i
_ |
e ol
\ Y 4
/l_||||_-||_.|||1
@\
O O
O O

HARQ-ACK on PUSCH









D U D D D D U D D D D U D D D D U D D D D U CC1

CC2 D U D D D D U D D D D U D D D D U D D D D U

HARQ-ACK on PUCCH

HARQ-ACK on PUSCH

HARQ-ACK on PUCCH


image9.wmf
UCI

N


oleObject1.bin

image10.emf
PDSCH#1 PDSCH#2 PUCCH

DCI#1

DCI#2

K1

K1

the same slot for 

HARQ-ACK feedback

HARQ-ACK feedback for 

PDSCH #1 and PDSCH #2

DCI#2 is the last DCI


image11.emf
PDSCH#1 PDSCH#2 PUCCH

DCI#1

DCI#2

K1

K1

the same slot for 

HARQ-ACK feedback

HARQ-ACK feedback for 

PDSCH #2

HARQ-ACK feedback for 

PDSCH #1

Both DCI#1 and DCI#2 are the last DCIs


oleObject2.bin

oleObject3.bin

image1.png
EN-DC
LTE Cell Group~ NR Cell Group

e/

DL data

DL data ACK DL data
AN
PCell: PSCell on sub6GHz SCell on mmW

(SCS:15kHz)

(SCS: 30kHz) (SCS:120kHz)

Tight coordination between different
numerologies is quite complex!!!





image2.png
Number of HARQ processes is 8

Initial'l'x//, \ /—\i\ieﬂx

n n+l n+2 n+3 n+4 n+s n+6 n+7 n+8 n+9

Sub-6GHz

Initial Tx e-Tx

mmw
4m 4(m+1) 4(m+2) 4(m+3) 4(m+4) 4(m+5) 4(m+6) 4(m+7) 4(m+8)

Number of HARQ processes is 29




