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1   Introduction
Last RAN2#95 meeting made the following agreements regarding aggregation of carriers in NR [1]. 
From RAN2 point of view, aggregation of carriers with different numerologies should be supported in NR. (Modelling aspects such as whether it is a single or multiple MAC entity is FFS)

In this contribution, we discuss CA specific issues in NR after taken the LTE CA design as starting point. The impact of different numerologies towards aggregation carriers is analyzed first.  Then the impact of high-frequency deployment on RAN2, e.g. PCell concept, RLF handling is addressed. Note that the discussion on NR multiple numerologies support in a single carrier could be found in our companion paper [2]. 
2   Discussion
The following emphasizes the commons and differences of CA design between the NR and LTE system. 
2.1 Support of different numerologies
1) L2 structure
As agreed above, the NR should support aggregation of carriers with different numerologies. Also it was agreed in RAN1 that a single carrier could support multiple numerologies simultaneously. Thus there are two use cases as follows. It is beneficial for the NR to have flexibility to determine which use case could be applied and deployed
· Use case 1: One aggregated carrier supports only one numerology, while another carrier supports one different numerology;
· Use case 2: one carrier supports multiple numerologies simultaneously, while another one could have different numerologies.  
Proposal 1: Both use cases should be studied, and the NR could have full flexibility to deploy either of use cases based on the service requirements, deployment scenarios etc.  
The CA architecture in LTE makes the principle that the multiple-carrier of the physical layer is only exposed to the MAC layer, and L2 including MAC, RLC and PDCP is transparent. For NR system, due to the introduced numerology in PHY layer, this requires to be revisited. The motivation of the numerology, specifically subcarrier spacing and CP length etc is to provide optimized radio access for different services. Typically, URLLC services would require short subframe length or higher subcarrier spacing to achieve low latency targets. mMTC services would require very narrow bandwidth capacity compared to eMBB services. Hence it would require the NR to configure which services could be mapped to which numerologies. Also the network could determine whether to transfer the remaining packets mapped to one numerology over other numerologies which may have left radio resources.  Clearly, this would result at the numerology is aware at least by the DRB configurations especially for UL. For example, for use case 1, the NR NB would configure which DRB could be transmitted over which aggregated carrier. While for use case 2, not only the carrier but also the numerology wherein should be configured. 
Proposal 2: The NR NB could configure which DRBs could be mapped to which aggregated carriers with different numerologies to meet the UL service requirements. 
The MAC structure in LTE CA system is given in Fig. 1 where there is one single MAC entity. For the NR system, if multiple MAC entities are introduced towards different numerologies, there may have some issues as follows.
· Increased complexity. In order to ensure high resource efficiency, the interactions between different MAC entities are required for system-level scheduling. 
· Increased specification effort due to the interactions between each MAC entity and above RLC layer, as well as between each MAC entity and PHY layer.  
Hence NR CA should take LTE solution, i.e. a single MAC entity to support multiple aggregated carriers with different numerologies. 
Proposal 3: A single MAC entity could support CA in NR where aggregated carriers would hold different numerologies.
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Fig. 1 MAC architecture in LTE
2) Cross-carrier scheduling

The cross-carrier scheduling is introduced to LTE system mainly for control channel interference mitigation purpose in heterogeneous scenarios. It could allow UE to be scheduled to one serving cell by the PDCCH transmitted at another serving cell. For NR system, as described above, different aggregated carriers may have different numerologies. The detailed numerology specific physical control channel would be RAN1 work. From RAN2 perspective, it may start with the study of inter-layer control channel interference mitigation. For use case 1 above, one example of heterogeneous scenario is given in Fig.2 where the two NR NBs would have two carriers with their own numerologies. In this case, the cross-layer scheduling is required to alleviate the inter-layer interference, which may require some coordination between two NBs. Note that the semi-static or dynamic change of numerologies may complicate the inter-layer control-channel interference issue. 
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Fig.2 Heterogeneous deployment
Even if cross-carrier scheduling is required, there are some cross-carrier scheduling limitations. For example, for use case 1, the carrier with longer subframe length may not schedule the carrier with smaller subframe length depending on the detailed PHY design. Hence the NR NB could configure which carrier or even numerology could be cross-carrier scheduled or not.
Proposal 4: The NR could allow cross-carrier scheduling to alleviate the inter-layer control channel interference with coordination between neighbouring NR NBs.. 
3) DRX
The same DRX operation is applied to all configured and activated serving cells for LTE. However due to the different numerologies at different carriers in NR, the same DRX operation may not have high power saving efficiency. For example, particularly for use case 1, when the carrier with numerology for URLLC services are used for data transmission, the UE would have to continuously detect another carrier supporting eMBB but without such requirement. Thus the carrier-specific or even numerology-specific DRX should be considered. 
Proposal 5: The cell-specific or even numerology-specific DRX should be supported for aggregated carriers with different numerologies. 
4) BSR
The BSR would contain the buffer size corresponding logical channel groups. Then the UE could decide the BSR could be transmitted over which serving cell. For NR system, typically for use case 1, when one carrier supports URLLC service, the BSR may be transmitted more frequently to facilitate the network scheduling. While for eMBB services, the BSR could be configured with relatively longer periodicity. 
Proposal 6: BSR transmission and report should be adapted to the different numerology requirements. 

2.2 PCell concept and RLM/RLF
1) PCell concept
In LTE, a primary cell is used to provide the NAS mobility information and security input. It also holds the following specific features. 
· PUCCH is transmitted over PCell in addition to PUCCH SCell
· UE only acquires broadcasted system information directly from PCell.
· RAR message is only transmitted on PCell.
· SPS can only be configured for the PCell.
· Activation/deactivation does not apply to PCell.
· For the pTAG UE uses the PCell as timing reference.
· Re-establishment is triggered only when PCell experiences RLF.
· At RRC connection re-establishment/handover, PCell provides the security input.
· Within a CG, cross-carrier scheduling does not apply to PCell.
· NAS information (e.g. TAI) is taken from PCell.
Different from LTE, NR may work on high frequency up to tens of GHz. This would result at the aggregated cells may not be very robust as in LTE due to the fast radio link deterioration. Hence whether the primary cell concept is still needed in NR should be studied. The following gives the detailed analysis for the listed features above. 
	Specific features
	Analysis 
	Is it possible to remove the PCell Concept in NR? 

	PUCCH
	The NR could explicitly configure which cells could transmit PUCCH without PCell concept. 
	Yes

	SI
	The UE could acquire the broadcast SI from the first access cell without PCell concept. 
	Maybe yes 

	Activation/deactivation
	It could be applied to any serving cells including the first access cell
	Yes

	Timing reference
	The UE could use the first access cell and any of the activated cells of sTAG as a timing reference cell.. 
	Yes

	NAS information
	The UE could select the first access cell to provide NAS information transmission
	Maybe yes

	RLF
	the RLM may not be limited to PCell only, instead, as long as one serving cell in NR is available, no RRC re-establishment will be triggered. 
	Yes

	Security
	The PCI of the first access cell could be used as the security input parameter or new security scheme. Possibly discussion with SA3 is required . 
	Maybe yes

	Cross-carrier scheduling
	The NR could explicitly configure which cells could be cross-carrier scheduled including the first access cell.
	Yes


Based on the above analysis, the PCell concept may not be needed for NR CA due to the fact that PCell is not robust when deployed on higher-frequencies.
Proposal 7: Whether the concept of primary cell in NR is needed should be studied after taken the NR high-frequency impact into account. 
2) RLM/RLF
For LTE system, the RRC connection re-establishment is triggered when PCell experiences RLF. The UE would not perform radio link monitoring over SCells. As indicated in [3], the NR system would support diverse deployment scenarios and could be deployed at large range of carrier frequencies from several GHz to tens of GHz. When the UE selects the PCell with lower carrier frequency, the NR could reuse LTE solution, i.e. RLF detection is based on a single Cell only. However, as analyzed above, when all NR cells are deployed on higher-frequencies, all of them may not robust enough and one cell could not reflect the actual radio conditions corresponding to other Cells. In addition, for higher-frequency deployment scenarios, the RRC diversity could be used for robust signalling transmission. Hence it would be beneficial to allow the UE to monitor other SCells as well to determine the RLF.  
Proposal 8: the NR could determine whether RLM is performed only on a single Cell or along with other Cells depending on the deployment scenarios. 
3   Conclusion
By analysing the commons and differences of CA between LTE and NR, we made the following observation and proposals:
Proposal 1: Both use cases should be studied, and the NR could have full flexibility to deploy either of use cases based on the service requirements, deployment scenarios etc.  
Proposal 2: The NR NB could configure which DRBs could be mapped to which aggregated carriers with different numerologies to meet the UL service requirements. 
Proposal 3: A single MAC entity could support CA in NR where aggregated carriers would hold different numerologies.
Proposal 4: The NR could allow cross-carrier scheduling to alleviate the inter-layer control channel interference with coordination between neighbouring NR NBs.. 
Proposal 5: The cell-specific or even numerology-specific DRX should be supported for aggregated carriers with different numerologies. 
Proposal 6: BSR transmission and report should be adapted to the different numerology requirements. 

Proposal 7: Whether the concept of primary cell in NR is needed should be studied after taken the NR high-frequency impact into account. 
Proposal 8: the NR could determine whether RLM is performed only on a single Cell or along with other Cells depending on the deployment scenarios. 
4   Reference

[1] RAN2#95 Chairman notes
[2] R2-166201 Support of Multiple Numerologies, Huawei, HiSilicon
[3] 3GPP TR 38.913
3GPP


_1536777587.vsd
Multiplexing


HARQ


Scheduling / Priority Handling


HARQ


UL-SCH on CC1


...


UL-SCH on CCz



_1536777588.vsd

_1536777586.vsd
Text


HARQ


HARQ


DL-SCH on CC1


...


Multiplexing UE1


Multiplexing UEn


Unicast Scheduling / Priority Handling


MAC


Transport Channels


...


DL-SCH on CCx


HARQ


HARQ


DL-SCH on CC1


...


DL-SCH on CCy



