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1	Introduction
In RAN1 NRAH#3 the following agreements related to NR CA were made:
Agreements:
· Maximum number of HARQ processes for unicast PDSCH is configured per cell for a UE
· FFS impact on DCI design
Agreements:
· For NR CA:
· If CIF is present in DCI, the bitwidth is fixed at 3 bit
· Note: BWP index (if available) is always a separate information field
· FFS detailed conditions for CIF presence
Working assumption:
· In case of cross-carrier scheduling, UESS search spaces for the scheduling cell and for the scheduled cell(s) are separated by offset(s) if they are in the same CORESET
· The offset(s) depends on CIF
· FFS details
· FFS the case of same DCI size (whether to have shared search space or not)
 
Agreements:
· UE can be configured to monitor group common CSS for at least pre-emption indication on a Scell
· UE can be configured to monitor SFI in group common PDCCH for a Scell at least on the same Scell,  or on a different cell (as a working assumption)

2	On support of SUL/UL-only cell and PUCCH carrier
[bookmark: _Ref473903385][bookmark: OLE_LINK13][bookmark: OLE_LINK14]It was agreed that cells and BWPs on the cells within a single cell-group are of single numerology. The one open issue is whether SUL/UL-only cell can be of different (smaller) numerology compared to the rest of the cells in the NR CA cell-group. Firstly, we think that supplementary downlink, i.e. DL-only cell should be also supported.
Proposal-1: NR CA supports DL-only (SDL) serving cells in addition to UL-only serving cell (SUL) and serving cell containing both DL and UL.
Secondly, we think that UL-only cell with numerology lower than or equal to the numerology of the NR CA cell-group should be supported within the following conditions:
· The UL-only serving cell is scheduled by the first slot of NR-CA cell group corresponding to the slot of UL-cell (to be agreed)
· The UL grants indicate the scheduling parameters in the numerology of UL-only cell (agreed already) 
· The UL-only serving cell belongs to the same TAG as the serving cell scheduling the UL-only serving cell (to be agreed)
We will discuss the above three aspects in the following sections of this contribution. 
Proposal-2: The carrier aggregation where UL-only cell having smaller SCS than the rest of the cells in NR-CA cell-group is supported before December.
One more remaining open issue is the switching of the cell carrying PUCCH (PUCCH cell) within the NR CA cell-group. In LTE, the PUCCH is at Pcell in primary PUCCH group and at PScell in secondary PUCCH group. To make the PUCCH cell change in LTE, in a primary cell-group, Pcell needs to be reconfigured, which requires UE to start from RACH procedure again. Therefore, we think that Pcell can be reconfigured to be any serving cell that contains SSB and both DL and UL BWPs within the NR CA cell-group, without releasing the connection and such perform “soft intra-CG handover”. In addition, the cell carrying the PUCCH can be configured within the cells in a NR CA cell group containing at least one UL BWP.
Proposal-3: In NR, a Pcell:
· contains always at least one UL BWP and at least one DL BWP that carry the RRC connection, at least one DL BWP contains SSB and at least one UL BWP contains RACH resources. 
· The Pcell can be re-configured to any serving cell (fulfilling the first bullet) within the NR CA cell-group. 
· The PUCCH cell can be any cell within the NR CA cell-group containing at least one UL BWP.

3 Cross-carrier/numerology scheduling design 
It has been prioritized by RAN in [4], that RAN1 should firstly design NR CA with assumption that all cells in a NR-CA cell-group, except of UL-only cells, are of the same numerology. This clearly simplifies the design of UCI, TAGs and cross-carrier scheduling. When UL-only cell numerology is smaller or equal to the numerology of the rest of the cells in NR-CA cell-group, the design of cross-numerology scheduling becomes trivial, because this type of scheduling is many-to-one scheduling. An example in Figure 1 shows many-to-one scheduling of PUSCH, where UL grant to PUSCH timing is one slot in numerology of scheduled transmission, as already agreed in RAN1.  


PUSCH
Low band: scheduled UL-only cell with 15kHz SCS
High band: 
scheduling cell with 30kHz SCS serving cell

Figure 1. illustration for cross-numerology scheduling many-to-one

Proposal-4: The PUSCH scheduling on an UL-only serving cell of lower SCS from serving cell of higher SCS is supported. 
· For slot-based scheduling, consider restricting the scheduling to only the first-slot out of the slots of higher SCS corresponding to slots of lower SCS. The UL grant to PUSCH timing follows the processing timeline of the UL-only cell.
· FFS what is the UL grant to PUSCH timing for subslot-based scheduling.

[bookmark: _Hlk494720891]In RAN1 NRAH#3, RAN1 agreed that there is 3bit CIF present in the scheduling DCI, if NR-CA cross-scheduling is configured to a UE. Also, RAN1 agreed (as WA) that separate search-spaces (by means of offset) are supported per each cross-scheduled cell if the search-spaces of these cells are within the same CORESET.   
Firstly, we think that the CIF field should be present also in the scheduling DCIs for the same cell (self-scheduling) when transmitted on USS. 
Proposal-5: If cross-carrier scheduling is configured, CIF field should be present also in the scheduling DCIs for the same cell (self-scheduling) when the DCIs are transmitted on USS.
Secondly, we would like to revert the WA, because we think it is unnecessary. The NR design of search-spaces may provide an implicit solution to the cross-scheduling. In NR, DCIs self-scheduling the scheduling cell/BWP or cross-scheduling the other cells/BWPs can be transmitted on any USS, which is configured with monitoring DCI format size larger than the actual DCI format size of the scheduled serving cell/BWP. The difference (if any) between monitoring size and actual DCI format size is covered by padding bits, see [3] for more details. The number of BD/candidates monitored by a UE, when cross-scheduling is configured to a UE, can be larger than when operating without CA.
Proposal-6: Revert the 
Working assumption:
· In case of cross-carrier scheduling, UESS search spaces for the scheduling cell and for the scheduled cell(s) are separated by offset(s) if they are in the same CORESET
· The offset(s) depends on CIF
· FFS details
FFS the case of same DCI size (whether to have shared search space or not)
and adopt Proposal-7 instead.
Proposal-7: The DCIs self-scheduling the scheduling cell/BWP or cross-scheduling the other cells/BWPs can be transmitted on any of CORESET’s USS, which is/are configured with monitoring DCI format size larger than the actual DCI format size for the scheduled serving cell/BWP.  
4 TAG design in R15 NR 
In the updated RAN WG1 work plan the focus is on cases where the numerology is the same at least without SUL. This allows for straightforward reuse of LTE TAG design. 
However, TA command granularity needs to be scaled according to the employed SCS: carriers with shorter symbols require more accurate UL timing. TA granularity of 0.52us is clearly sufficient for 15 kHz SCS with 4.7 us CP, but is insufficient for e.g. 60 kHz SCS with 1.2 us CP.
While a finer TA granularity is needed for the wider SCS, TA command range should remain sufficient to correct even larger timing errors e.g. after a longer idle period in UL. One can see few basic signaling options:
· TA command field in NR is extended to cover sufficient TA command range with the TA granularity sufficient for the widest/largest SCS supported by Rel-15 NR – e.g. ~65 ns for 120 kHz SCS, or ~33ns for 240 kHz SCS.
· TA command uses the TA granularity corresponding to the SCS configured to UE. To maintain sufficient range for single TA command, the TA field in TAC MAC CE may be extended from the 6 bits used in LTE. This approach has limitation in forward compatibility: UL CCs with different numerologies may belong to same TAG in future NR releases, and when UL CC with wider/higher SCS is added to the TAG, there is TA command ambiguity during RRC reconfiguration uncertainty period – TA command granularity is ambiguous.  
· TA command explicitly indicates the TA granularity used on the command: either TA granularity corresponding to the configured SCS or TA granularity corresponding to 15 kHz SCS. With the explicit indication of TA granularity, TA command ambiguity during RRC reconfiguration uncertainty period can be avoided and TA command can be issued for already configured and used carriers with BWPs.
Proposal-8: TA command granularity is scaled inversely with SCS while sufficient TA command range is maintained.
Special attention is needed for SUL (UL-only serving cell) using different (lower) SCS. It should be noted that in LTE, TAGs are used to facilitate UE’s UL timing for carriers that are not co-located and cannot share the same DL timing reference. Grouping of carriers that can share same DL timing reference to same TAG avoids the unnecessary signaling overhead that would be caused by carrier specific UL timing maintenance.
In the case of an active BWP on a UL-only cell, UE must use DL from another active BWP as timing reference. Obviously, there is another UL active BWP paired with the DL active BWP providing the timing reference. As active BWP on UL-only cell and the active UL BWP on other serving cell share the same DL timing reference, it is natural that active BWP on UL-only cell and the other active UL BWP on the serving cell with DL reference belong to the same TAG.  
Of course, the DL active BWP providing timing reference – as well as the paired UL active BWP– can use different (higher) SCS than SUL. However, carriers with different numerologies can share the same TA value when it is sufficiently accurate for both configured numerologies. This is the case with SUL using lower SCS. 
Proposal-9: UL-only cell(s) (SUL) and a cell(s) sharing the same DL timing reference belong to the same TAG.
5 Joint UCI design for NR CA 
5.1 Determination of DL association set
In this section, we focus on the joint UCI and especially on joint HARQ feedback for multiple DL carriers. In our previous contribution [5] we presented an approach considering also joint HARQ feedback for DL carriers with different numerologies. In here, we limit the consideration to the cases where joint HARQ feedback is provided over DL carriers using the same numerology, and the presented approach is a sub-set of our approach in [5] addressing also multi-numerology case. In RAN1#90, it was agreed that both semi-static and dynamic HARQ ACK codebooks are supported in NR. We start the discussion with the determination of DL TTIs (slots or mini-slots) for which HARQ ACK is reported in a certain UL TTI (aka DL association set), which is relevant for both semi-static and dynamic HARQ ACK codebook.
In LTE, the timing relationship between DL data reception and corresponding acknowledgement is predetermined in the specification. In LTE TDD, the HARQ ACK timing as well as the DL association set is determined based on the subframe number and used UL/DL configuration. 
On DL association set in NR CA
Flexible HARQ feedback timing and DL association set determination is required even for a single NR carrier, as highly flexible UL/DL TDD configuration efficiently adapting air interface to the variations on traffic is desired. For the single carrier, the determination of HARQ feedback can be based on a simple set of rules using few parameters such as the indicated timing between DL data and transmission of associated HARQ-ACK as well as the minimum processing time between the DL data reception and transmission of associated HARQ ACK as inputs to the determination as discussed in [1].
Proposal-10: Determination of DL association set for HARQ feedback is flexible and based on the indicated timing relationship between DL data reception and corresponding HARQ ACK.
The determination of HARQ feedback timing and DL association set can be semi-static in the cases where the timing relationship between DL data and corresponding HARQ ACK is determined semi-statically for involved DL CCs. In the case that the timing between DL data and associated HARQ ACK is indicated dynamically by L1 signaling, DL association set also needs to be determined dynamically, especially in the case of dynamic codebook size determination. In the case of dynamic HARQ ACK timing indication and semi-static codebook size, the DL association set may be determined either dynamically or semi-statically. Our views are summarized on Table 1.
Table 1. Determination of DL association set (i.e. set of DL TTIs for which HARQ ACK is reported in a certain UL TTI). 
	
	HARQ ACK timing indication

	
	Semi-static
	Dynamic

	HARQ ACK codebook size determination
	Semi-static
	DL association set determined based on the configured HARQ ACK timing value. 
	DL association set may be determined dynamically as described below, or semi-statically based on the configured maximum and minimum HARQ ACK timing values.

	
	Dynamic
	DL association set determined based on the configured HARQ ACK timing value.
	DL association set starts from slot where a PDSCH is associated to UCI transmission in the certain slot for the first time. The last slot of the DL association set is determined by the UE minimum processing time so that UE can prepare HARQ ACK in time.


An example on the dynamic determination of DL association set for single NR carrier is illustrated in Figure 2. The DL association set for a HARQ feedback to be transmitted on certain slot can be determined based on couple of simple rules:
· DL association set starts from a slot where a PDSCH is associated to UCI transmission in the certain slot for the first time. In the Figure 2, this is the slot #3 for the UCI transmitted in slot #7.
· The last slot of the DL association set is determined by the UE minimum (configured) processing time so that UE can prepare HARQ ACK in time. In Figure 2, this is the slot #5 for the UCI transmitted in slot #7.
Dynamic determination of DL association set involves inevitable error cases. For example, missing DL grant for the first DL slot in the DL association set can lead to erroneous ordering of HARQ ACK bits. Appropriate mechanisms, such as counter DAI in LTE, to mitigate such error cases need to be employed with dynamic DL association set determination as discussed in [1]. 
[image: ]
Figure 2. Dynamic determination of DL association set based on the indicated HARQ ACK timing offset.
In previous paragraphs, we focused on the DL association set determination per active BWP on a cell. However, the same approach can be applied also for joint HARQ feedback for multiple DL cells: The same DL association set is used for DL active BWPs with the same numerology. In the case of dynamic DL association set, it is determined jointly over all active BWP in DL cells: the DL association set starts from a slot where a PDSCH is associated to UCI transmission in the certain slot for the first time on any of DL active BWPs, as shown in Figure 3. 
Based on the discussion above, we make the following proposals:
Proposal-11: When timing relationship between DL data reception and corresponding HARQ ACK is dynamically indicated with dynamic codebook determination, 
· DL association set starts from first TTI where PDSCH is associated to UCI transmission in certain UL TTI 
· Last TTI of the DL association set is the last PDSCH TTI for which UE can prepare HARQ ACK in time given the configured UE processing time. 
Proposal-12: When timing relationship between DL data reception and corresponding HARQ ACK is semi-statically configured, DL association set corresponds to the configured HARQ ACK timing. 
Proposal-13: Single DL association set is determined jointly over DL active BWPs in cells with the same numerology.
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[bookmark: _GoBack]Figure 3. Dynamic DL association set determination based on the indicated HARQ ACK timing in carrier aggregation.

5.2 Dynamic codebook determination
In this section, we focus on dynamic codebook size determination. Dynamic determination of HARQ ACK codebook size is attractive option especially when the size of the reported HARQ feedback can be temporally large but is typically significantly smaller. The support of dynamic codebook size was also agreed in RAN1#90.
We assume that a joint DL association set determined over the DL CCs with the same numerology. In this case, the codebook can be determined jointly over the DL CCs in the same DL CC set with the help of counter DAI and total DAI operating in frequency-first–time-second manner as in LTE Rel-13. The total DAI needs to be indicated already on the DCI of first PDSCH associated with the codebook and, hence, total DAI involves either prediction for the scheduling on later slots or scheduling restriction. The DL association set and codebook determination are illustrated in Figure 3. However, when the joint HARQ feedback is limited to a set of DL CCs with the same numerology and processing times, the required scheduling prediction remains on acceptable level. 
In the HARQ codebook determination, special attention is needed also on HARQ ACK reporting for CBG-based PDSCH. This we address on our companion contribution [2]. The HARQ codebook determination can easily be extended to cover also the case of joint HARQ feedback over DL CCs with multiple numerologies and minimum processing times. In this case, the use of separate sub-codebooks for different DL active BWPs with different numerologies is preferable [5]. 
Proposal-14: In case of dynamic codebook determination over DL active BWP of cells with the same numerology, frequency-first–time-second counter DAI and total DAI mechanism are used in the HARQ ACK codebook determination.
6 Other aspects of NR CA
The last aspects of NR CA design are issues related to power control and CSI feedback handling. Obviously, for CSI feedback, the starting point should be the Rel. 13 eCA operation, supporting both periodic and aperiodic reports defined by NR MIMO AI. The aspects of NR-CA power control should be discussed in the power control AI. The priority rules of NR-CA as well as PCM1 (for NR cell-groups with the same numerology) and PCM2 (for NR cell-groups with different numerology) should be supported. 
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7 Conclusion
In this contribution, we have discussed aspects of NR carrier aggregation. We have the following observations and proposals:
Proposal-1: NR CA supports DL-only (SDL) serving cells in addition to UL-only serving cell (SUL) and serving cell containing both DL and UL.
Proposal-2: The carrier aggregation where UL-only cell having smaller SCS than the rest of the cells in NR-CA cell-group is supported before December.
Proposal-3: In NR, a Pcell:
· contains always at least one UL BWP and at least one DL BWP that carry the RRC connection, at least one DL BWP contains SSB and at least one UL BWP contains RACH resources. 
· The Pcell can be re-configured to any serving cell (fulfilling the first bullet) within the NR CA cell-group. 
· The PUCCH cell can be any cell within the NR CA cell-group containing at least one UL BWP.
Proposal-4: The PUSCH scheduling on an UL-only serving cell of lower SCS from serving cell of higher SCS is supported. 
· For slot-based scheduling, consider restricting the scheduling to only the first-slot out of the slots of higher SCS corresponding to slots of lower SCS. The UL grant to PUSCH timing follows the processing timeline of the UL-only cell.
· FFS what is the UL grant to PUSCH timing for subslot-based scheduling.

Proposal-5: If cross-carrier scheduling is configured, CIF field should be present also in the scheduling DCIs for the same cell (self-scheduling) when the DCIs are transmitted on USS.
Proposal-6: Revert the 
Working assumption:
· In case of cross-carrier scheduling, UESS search spaces for the scheduling cell and for the scheduled cell(s) are separated by offset(s) if they are in the same CORESET
· The offset(s) depends on CIF
· FFS details
FFS the case of same DCI size (whether to have shared search space or not)
and adopt Proposal-7 instead.
Proposal-7: The DCIs self-scheduling the scheduling cell/BWP or cross-scheduling the other cells/BWPs can be transmitted on any of CORESET’s USS, which is/are configured with monitoring DCI format size larger than the actual DCI format size for the scheduled serving cell/BWP.  
Proposal-8: TA command granularity is scaled inversely with SCS while sufficient TA command range is maintained.
Proposal-9: UL-only cell(s) (SUL) and a cell(s) sharing the same DL timing reference belong to the same TAG.
Proposal-10: Determination of DL association set for HARQ feedback is flexible and based on the indicated timing relationship between DL data reception and corresponding HARQ ACK.
Proposal-11: When timing relationship between DL data reception and corresponding HARQ ACK is dynamically indicated with dynamic codebook determination, 
· DL association set starts from first TTI where PDSCH is associated to UCI transmission in certain UL TTI 
· Last TTI of the DL association set is the last PDSCH TTI for which UE can prepare HARQ ACK in time given the configured UE processing time. 
Proposal-12: When timing relationship between DL data reception and corresponding HARQ ACK is semi-statically configured, DL association set corresponds to the configured HARQ ACK timing. 
Proposal-13: Single DL association set is determined jointly over DL active BWPs in cells with the same numerology.
Proposal-14: In case of dynamic codebook determination over DL active BWP of cells with the same numerology, frequency-first–time-second counter DAI and total DAI mechanism are used in the HARQ ACK codebook determination.
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