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1	Introduction
In RAN plenary #75, WID on NR has been approved in [1]. In addition, the following agreements were made related to CA in RAN1#88bis and no further agreements on CA/DC configuration has reached in RAN1#89. 
Part one: Possible Agreements
· On the search space
· A UE monitors PDCCH candidates in common search space(s) at least for RMSI and UE specific search space(s) on Primary Component Carrier (PCC)
· A UE monitors PDCCH candidates at least on UE-specific search space(s) for an Secondary Component Carrier (SCC)
· [bookmark: _Hlk489536605]Support cross carrier scheduling with CIF 
· NR at least support that a carrier is scheduled by one and only one carrier
· FFS: the number of CIF bits
· FFS: BWP aspects for cross carrier scheduling
· For cross-carrier scheduling, PDCCH and the scheduled PDSCH can have the same or different numerologies.
· For self-scheduling, PDCCH and the scheduled PDSCH have the same numerology
· FFS whether for self-scheduling, PDCCH and the scheduled PDSCH can have different numerologies.
· For self and cross-carrier scheduling, PDCCH and the scheduled PUSCH can have the same or different numerologies.
· When numerology are different between PDCCH and the scheduled transmission, the time granularity indicated in the DCI for the timing relationship between the end of PDCCH and the corresponding scheduled transmission is based on the numerology of the scheduled transmission.
· For multiple timing advance groups
· LTE timing difference requirement can be used as a starting point
· FFS factors related to this requirement.
· Support PRACH transmission for timing advance acquisition on SCC
· NR Supports 2 cell groups for PUCCH for NR DC
· FFS: NR supports 2 cell groups for PUCCH for NR CA 
· 
Part two: Possible Working assumptions
· 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, indicated in the DCI scheduling the PDSCH, is based on the numerology of PUCCH transmission.

In this contribution, we discuss in Section 2 remaining aspects of configuration of DL and UL carriers, TAGs and CA/DC overall. In addition, in Section 3 we focus on cross-carrier/numerology scheduling.
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The outcome of email discussion [NRAH2-10], states that 
· NR Supports 2 cell groups for PUCCH for NR DC
· FFS: NR supports 2 cell groups for PUCCH for NR CA 

The support of 2 cell-groups for NR CA has been left open, because at least one company has been challenging the need for second PUCCH in NR CA. In NR, network can configure up to 16CCs in CA. In addition, NR supports CBG based transmission, which implies larger UCI payload sizes compared to LTE for a single carrier. Therefore, the maximum number of aggregated CCs in physical layer specifications is limited by uplink control channel capacity and downlink control channel capacity, i.e. UCI and DCI load on PUCCH and PDCCH, in addition to UE capability. To guarantee certain level of PUCCH capacity, we propose RAN1 to specify a maximum number of DL carriers per single UCI PUCCH or what is above defined as NR cell-group. 
Considering the exact number of DL CCs being served by a single PUCCH in NR cell-group, one should note that when increasing DL data rate also the uplink data rate needs to be increased, otherwise uplink will become congested from single user point of view and starts limiting the achievable DL data rate. Thus, configuring e.g. single uplink and 16 downlinks, will be significant DL BW over-dimensioning with respect to uplink BW. This UL/DL BW ratio of 1:16 in not realistic, rather maximum reasonable expected ratio is 1:8. Similar restrictions should be applied for cross-carrier scheduling regarding the DL control channel capacity. Also here we think that limiting the cross-carrier scheduling to 8 CCs from a single scheduling cell/carrier (as applied for LTE) to be appropriate. Therefore, we propose:  
Proposal-1: Support a maximum of 8 DL component carriers per NR cell-group and restrict the NR cross-carrier scheduling operation to maximum of 8 scheduled CCs from a single scheduling DL CC. To support the already agreed 16 DL component carriers for NR CA, at least two NR cell-groups are to be supported for NR CA. 
From flexibility point of view, it would be beneficial if a gNB could configure to a UE as many NR CGs as there are UL CCs supported by a UE, i.e. based on the UE capability. On the other hand, with every configured CG, the available UE TX power per CG decreases, and an issue arises on how to share the available UE TX power between CGs. At least two cell-groups should be supported for NR CA as noted in our proposal above in addition to already available NR DC agreement, and NR should further study the feasibility of supporting more than two cell-groups. 
Proposal-2: For NR CA/DC, further study the feasibility of supporting more than two cell-groups per UE. 
In NR primary cell-group, primary cell (Pcell) should comprise of DL and UL primary CC (PCC), where RRC connection is maintained and PUCCH and common search space is transmitted. From operational efficiency point of view these primary CCs should be preferably on low frequency, where coverage can be maintained. However, we think that no restrictions on which numerology carries PCC should be introduced.  
Next open question is the switching of the CC carrying PUCCH (PUCCH CC) within the cell-group. In LTE, the PUCCH is at Pcell in primary PUCCH group and at PScell in secondary PUCCH group. To make the PUCCH CC 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 UL or DL PCCs of a NR primary cell could be reconfigured to any other CC within the cell-group, without releasing the connection and such perform “soft intra CG handover”. Therefore, if network wants to change PUCCH CC to a better UL CC, to avoid hard hand-over, it can reconfigure the UL PCC to any UL CC of the cell group.
Proposal-3: In NR, a primary cell:
· consists of UL PCC and DL PCC that carry the RRC connection, UCI, PUCCH and common search space.
· UL and/or DL PCC can be semi-statically changed between CCs of a cell-group. 
In addition to PCC, secondary CCs (SCC) can be configured freely and can be UL-only, DL-only or UL&DL. Therefore, a cell group can comprise of more UL SCCs than DL SCCs.  
Proposal-4: SCC can be UL-only CC, DL-only CC or UL&DL CC.

In the RAN1#88b, it was agreed that multiple timing advance groups (TAGs) are supported. In LTE, multiple TAGs (up to four) can be configured to enable separate TAs for non-co-located cells. Each TAG contains at least one serving cell with configured uplink. Therefore, we propose similarly for NR:
Proposal-5: NR gNB can configure to a UE at least 4 TAGs, where each TAG contains at least one serving cell with configured uplink. FFS on whether more than 4 TAGs can be configured. 

3 Cross-numerology scheduling design
In email discussion [NRAH2-10], below agreements relevant to cross-numerology scheduling were made:
· Support cross carrier scheduling with CIF 
· NR at least support that a carrier is scheduled by one and only one carrier
· FFS: the number of CIF bits
· FFS: BWP aspects for cross carrier scheduling
· For cross-carrier scheduling, PDCCH and the scheduled PDSCH can have the same or different numerologies.
· For self and cross-carrier scheduling, PDCCH and the scheduled PUSCH can have the same or different numerologies.
· When numerology are different between PDCCH and the scheduled transmission, the time granularity indicated in the DCI for the timing relationship between the end of PDCCH and the corresponding scheduled transmission is based on the numerology of the scheduled transmission.

The main motivation to support cross-carrier scheduling for aggregated carriers with the different numerology was the use-case of the low-band CC1 (typically with small SCS) scheduling the PDSCH on high-band CC2 (with typically large SCS). Based on RAN4 agreements, the bands >24GHz will be operating with 60, 120 or 240(FFS) kHz SCS, while bands <6GHz will be operated with 15, 30 and 60kHz SCS. However, the slot length is band-depended/configurable and slot-aggregation can be used as well. Therefore, RAN1 specification has to anyway support both: one-to-many slot-based cross-numerology scheduling and many-to-one slot-based cross-numerology scheduling. 
Proposal-6: RAN1 specification supports both: one-to-many slot-based cross-numerology scheduling and many-to-one slot-based cross-numerology scheduling.
For the case of one-to-many scheduling, one scheduling instance in a slot of a small-SCS carrier corresponds to multiple slots in large-SCS carrier, e.g. 1-ms slot at 15kHz SCS corresponds to eight slots of 0.125ms at 120kHz SCS. Therefore, a natural scheduling choice in this case is the multi-slot scheduling, which avoids necessity to transmit 8 separate DCIs in single PDCCH of 15kHz SCS carrier to achieve continuous transmission on 120kHz SCS carrier. Another question is whether separate TBS would be mapped to each slot or single TBS would be mapped across all the slots. Our preference is towards one TBS per slot to be able to gain the latency advantages of shorter slot lengths and make the PDSCH/PUSCH operation on a larger-SCS carrier independent of the cross-carrier cross-numerology scheduling option. For the case of many-to-one scheduling when scheduling from CC1 with a shorter slot length a transmission on CC2 having a longer slot length, more scheduling instances in CC1 could schedule the same slot on CC2. In this case, the DCI can be the same as for same slot-length, and scheduling could be restricted to only the first slot of the CC1 to preserve the UE pipeline processing.  
Proposal-7 For slot-based cross-numerology scheduling of one-to-many adopt multi-slot scheduling as baseline. 
· One TBS is mapped per each slot per codeword. 
In addition to slot-based scheduling, NR supports also mini-slot scheduling, which offers flexible allocations with single symbol granularity in time domain. This flexible scheduling is directly applicable to cross-numerology scheduling, with one difference that the symbol granularity obeys target-CC numerology.
Proposal-8: For mini-slot cross-numerology scheduling, the flexible framework of indicating the starting symbol and number of scheduled symbols follows the numerology of the PDSCH/PUSCH.

Design of cross-numerology DCI for slot-based and mini-slot scheduling
The cross-carrier scheduling DCI should contain the carrier indication field(CIF), which could be of a similar size as the one in LTE, i.e. 3bits, when restricting the x-scheduling to 8CCs as proposed in Section 2. On the other side, since at least a single BWP will be present on a carrier for a UE, there will be one-to-one mapping between carrier and BWP. Therefore, RAN1 should consider joint coding of CIF and BWPI(if supported).
Proposal-9: RAN1 should consider joint coding of CIF and BWPI (if supported).
Furthermore, to support multi-slot scheduling, a UE must be aware of the maximum number of slots the DCI is scheduling, which determines the DCI format size due the potential additional slot-specific scheduling information such as NDI, RV etc. 
Proposal-10: For multi-slot cross-numerology scheduling, a UE is configured with the maximum number of slots that can be cross-numerology-scheduled by a DCI transmitted in a particular monitoring instance. The configured maximum number to define the DCI size for multi-slot scheduling.
Figure 1 illustrates one case where 4 slots at high-band (CC2) correspond to a single slot in low-band (CC1). In this case, the UE must be aware of the following: 
· what is the first slots at CC2 to be scheduled via DCI sent in CC1, and 
· how many slots at CC2 are scheduled by the gNB
Low band: scheduling small SCS (CC1)
High band: 
scheduled large 
SCS (CC2)

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

Low band: scheduling small SCS (CC1)
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Figure 2. illustration for cross-numerology scheduling many-to-one

In NRAH2, it has been agreed that offset between DCI scheduling transmission and the start of the transmission is indicated by DCI in granularity according to the numerology of the transmission, as shown in Figure 1. What stayed open is how to determine the first possible slot/symbol that can be cross-numerology scheduled, i.e. the slot where PDSCH can start the earliest. Assuming that cross-numerology-scheduled carriers would be NR-synchronized (please see [3] for proposed definition of NR-synchronized), there might exist one-to-many mapping between slot index in CC1 and corresponding group of slots in CC2. Therefore, we propose that for slot based scheduling, the first schedulable slot is the slot sharing the starting boundary with the slot where it was scheduled, as shown in Figure 1 and Figure2. 
Proposal-11: For slot-based scheduling, the first cross-numerology-schedulable slot is the first slot starting not earlier than the slot where it was scheduled.  
For mini-slot/symbol-based scheduling, the first schedulable symbol could be the one aligned with the beginning of the CORSET, where mini-slot was scheduled.
Proposal-12: For mini-slot/symbol-based scheduling, the first cross-numerology-schedulable symbol is the first symbol starting not earlier than the CORESET where it was scheduled.  
4 Conclusions
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Proposal-1: Support a maximum of 8 DL component carriers per NR cell-group and restrict the NR cross-carrier scheduling operation to maximum of 8 scheduled CCs from a single scheduling DL CC. To support the already agreed 16 DL component carriers for NR CA, at least two NR cell-groups are to be supported for NR CA. 
Proposal-2: For NR CA/DC, further study the feasibility of supporting more than two cell-groups per UE. 
Proposal-3: In NR, a primary cell:
· consists of UL PCC and DL PCC that carry the RRC connection, UCI, PUCCH and common search space.
· UL and/or DL PCC can be semi-statically changed between CCs of a cell-group. 
Proposal-4: SCC can be UL-only CC, DL-only CC or UL&DL CC.
Proposal-5: NR gNB can configure to a UE at least 4 TAGs, where each TAG contains at least one serving cell with configured uplink. FFS on whether more than 4 TAGs can be configured. 
Proposal-6: RAN1 specification supports both: one-to-many slot-based cross-numerology scheduling and many-to-one slot-based cross-numerology scheduling.
Proposal-7: For slot-based cross-numerology scheduling of one-to-many adopt multi-slot scheduling as baseline. 
· One TBS is mapped per each slot per codeword. 
Proposal-8: For mini-slot cross-numerology scheduling, the flexible framework of indicating the starting symbol and number of scheduled symbols follows the numerology of the PDSCH/PUSCH.
Proposal-9: RAN1 should consider joint coding of CIF and BWPI (if supported).
Proposal-10: For multi-slot cross-numerology scheduling, a UE is configured with the maximum number of slots that can be cross-numerology-scheduled by a DCI transmitted in a particular monitoring instance. The configured maximum number to define the DCI size for multi-slot scheduling.
Proposal-11: For slot-based scheduling, the first cross-numerology-schedulable slot is the first slot starting not earlier than the slot where it was scheduled.  
[bookmark: _GoBack]Proposal-12: For mini-slot/symbol-based scheduling, the first cross-numerology-schedulable symbol is the first symbol starting not earlier than the CORESET where it was scheduled.  
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