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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: 
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In this contribution, we discuss configuration of DL and UL carriers, configuration of TAGs and CA between different numerologies.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]2	Configuration of CA
[bookmark: _Ref473903385]Through NR study item [2] RAN1 agreed that the maximum number of NR CCs for CA and DC is 16, and that the number of NR CCs in any aggregation is independently configured for UL and DL to a UE. This agreement may imply that a UE may be configured for example with 16 DL CC and 1 UL CC, as well 1DL and 16 UL carriers. The configuration of UL-only carriers was not found beneficial in LTE and we do not see why it should be supported in NR. Therefore:
Proposal-1: The configuration for only UL CA of a serving cell is not supported.  
Moreover, we think that the NR CA should be identical to NR DC, i.e. CA should be based on NR cell-group. An NR cell-group, similarly to LTE cell-group, would consist of one or more UL CCs carrying PUSCH from which one UL CC would carry PUCCH, and one or more DL CC. However, unlike in LTE, we propose that gNB should be able to configure as many NR cell-groups as there are UL CCs supported by a UE, i.e. based on the UE capability.
Proposal-2: An gNB may configure for a UE as many NR cell-groups as there are UL CCs supported by the UE.
Furthermore, 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. 
[bookmark: _Ref473903416]Proposal-3: Support a maximum of 8 DL component carriers per single PUCCH of NR cell-group. To support 16 DL component carriers two NR cell-groups are to be configured. 
In the previous meeting, 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 smalls cells and macro which are not co-located. Each TAG contains at least one serving cell with configured uplink. Therefore, we propose that in NR:
[bookmark: _GoBack]Proposal-4: NR gNB can configure to a UE at least 4 TAGs, where each TAG contains at least one UL CC. FFS on whether more than 4 TAGs can be configured. 

3	On CA of carriers with different numerologies
The support of different numerologies has been agreed in NR SI [2]. 
“Carrier aggregation including different carriers having the same or different numerologies is supported.” [image: ]
Figure 1: 7 symbol slot with 15 kHz SCS and 14 symbol subframe with 120 kHz SCS 
(K1: HARQ Ack delay, K2: PUSCH scheduling delay)

The Figure 1, presents 7-symbol slot with 15 kHz and 14 symbol slot with 120 kHz SCS in relative time and frequency scale. As discussed, the typical use case would be that single band is using one numerology and another band may be using another, for e.g. 15kHz at 2GHz and 120KHz SCS at 28GHz.
Even though the support of cross carrier scheduling and support of single UCI has been agreed in general, it is apparent based on Figure 1, that independent operation would be preferred between bands and different numerologies as:
· Significant difference in obtained data rates due to available carrier BW.
· Different subframe/slot lengths and timing domain processing between numerologies.
· Different type configurations for CSI and beam management procedures are needed for rather different carrier bands.
Due to significant difference in BW, slot duration, and radio environment, even transmitting simultaneously data from single logical channel from both carriers may not be that beneficial. Rather, the 15 kHz carrier, typically macro layer, can provide full coverage/fall-back for the UE that utilizes high frequency band for data burst when LoS-link on high frequency cell is available. The UEs connection would benefit from fast switching provided by CA or DuCo compared to inter-frequency handover, when coverage to high frequency carrier is lost due to shadowing. Therefore, it would be beneficial from PHY implementation and system deployment point of view if the physical layer would be identical between CA cell groups and DuCo and either one can be configured based on used network architecture. 
Observation-1: For the UEs that support multiple UL carriers, only CCs of the same SCS should preferably form a NR cell group. 
Next open question is the support of different numerologies on a single CC, either in TDM or FDM manner. We think that the operation where a single carrier supports different numerologies would severely complicate the design and the benefits are not clear to us. Therefore, we propose that multiplexing of numerologies on single carrier could be achieved by means of CA/DC with different cell groups for different numerologies instead. 
Proposal-5: Multiplexing of two numerologies on a single carrier for the same UE by means of CA/DC with different NR cell groups using different numerologies may be considered.

4	Conclusions
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution, we have discussed aspects of NR carrier aggregation and we have the following observations and proposals:
Proposal-1: The configuration for only UL CA of a serving cell is not supported.  
Proposal-2: An gNB may configure for a UE as many NR cell-groups as there are UL CCs supported by the UE.
Proposal-3: Support a maximum of 8 DL component carriers per single PUCCH of NR cell-group. To support 16 DL component carriers two NR cell-groups are to be configured. 
Proposal-4: 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. 
Observation-1: For the UEs that support multiple UL carriers, only CCs of the same SCS should preferably form a NR cell group. 
Proposal-5: Multiplexing of two numerologies on a single carrier for the same UE by means of CA/DC with different NR cell groups using different numerologies may be considered.

References
[1] [bookmark: _Ref477708358][bookmark: _Ref477708147][bookmark: _Ref449465801]RP-170847, “New WID on New Radio Access Technology”, NTT DOCOMO, INC., RAN 75, Dubrovnik, Croatia, March 6 - 9, 2017
[2] [bookmark: _Ref477708608]TR36.802 Study on New Radio (NR) Access Technology, Physical Layer Aspects, (Release 14)


image1.png
For NR CA, at least CA deployment scenarios 1 -4 of TS 36.300 Section J.1 are supported with equal priority.
Carrier aggregation across duplexing schemes between carriers is supported
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For carrier aggregation, multiple timing-advance groups are supported
FFS: The number of timing advance groups
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