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1 Introduction

In RAN1#86bis meeting [1], it was agreed that:
· Study at least the following aspects for NR carrier aggregation / dual connectivity

· Intra-TRP and inter-TRP with ideal and non-ideal backhaul scenarios

· Number of carriers

· The need for certain channels, e.g. downlink control channel, uplink control channel or PBCH for some carriers

· Cross-carrier scheduling and joint UCI feedback, e.g. HARQ-ACK feedback

· TB mapping, i.e., per carrier or across carriers

· Carrier on/off switching mechanism

· Power control

· Different numerologies between different/same carrier(s) for a given UE
· FFS: whether/if different numerologies are multiplexed on one carrier for one UE is called carrier aggregation / dual connectivity
In this contribution, operation on a single carrier with multiple numerologies is discussed and several aspects for NR multiple carrier operation are analyzed.

2 Discussion
2.1 Segmented operation on one carrier
In order to support wide range of services, e.g. eMBB, mMTC, URLLC, and diverse deployment scenarios, e.g. urban macro, dense urban, high speed train, multiple numerologies may be applied to the same frequency band. Furthermore, it was agreed in RAN1 #86 that different numerologies could be multiplexed within a same NR carrier bandwidth in TDM and/or FDM. 

For FDM with multiple numerologies, several segments can be configured in semi-static manner. For the segment division in one carrier, as illustrated in Figure 1, resources occupied by a single numerology could be regarded as one segment, and the number of segments is equal to the number of numerologies multiplexed in the carrier. Furthermore, resources not used in one segment can be assigned to other services dynamically, which could be considered as multi-segment operation for one UE. 
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Figure 1 Illustration of segments 
Proposal 1: Consider a segmented operation design for NR transmission over one carrier with multiple numerologies. Different numerologies are multiplexed on one carrier for one UE is called multi-segment operation.
2.2 Multiple carrier operation
In LTE, the typical multiple connectivity technologies include CA (i.e. Aggregation of carrier on MAC layer) and DC (i.e. Aggregation of carrier on PDCP layer). For CA scenario, ideal backhaul between multiple carriers is assumed. The main difference of CA from DC is its aggregation at MAC layer, which allows the delivery of physical layer signaling and control information of secondary carrier through master carrier without any latency issue. While for DC scenario, non-ideal backhaul between different carriers is assumed. UL control information of secondary carrier can only be transmitted at secondary carrier itself. In addition, except for possible synchronization case between different carriers, asynchronous case with large TA difference needs to be considered. 

Based on the possible large difference of transmission time granularity in NR, if cross carrier scheduling and joint HARQ-ACK feedback are supported on the scenario of MAC level aggregation, large HARQ timing delay for secondary carrier can be observed. Thereby, a joint consideration for both HARQ timing delay and backhaul delay is needed for cross carrier scheduling and joint HARQ-ACK feedback in NR for the scenario of MAC level aggregation and PDCP level aggregation. Therefore, it is desired to strive for a common design between aggregations of different levels.
Proposal 2: Striving for a common physical layer design between different aggregations of carrier on MAC layer or PDCP layer should be considered in 5G.
For supporting 1GHz spectrum, intra-band contiguous CA should be supported [2]. In addition, as depicted in Figure 2, intra-band non-contiguous CA and inter-band CA should be also supported in NR
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Figure 2 Intra-band and Inter-band CA

Proposal 3: NR should support intra-band contiguous, intra-band non-contiguous and inter-band CA.
In the deployment of NR, due to the limitation of fixed UE and TRP association mechanism in LTE, a logical entity covering a group of TRPs, named hypercell, can be formed to serve a UE [3]. In a hypercell, since the actual serving TRPs are transparent to the UE, a unified design for multiple carrier operation on one TRP and multiple TRPs with ideal and non-ideal backhaul should be studied. Furthermore, we should also strive to a unified design for multiple carrier operation in licensed spectrum (including low frequency and high frequency bands) and unlicensed spectrum.
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Figure 3 Hypercell 
Proposal 4: A unified CA (U-CA) mechanism for ideal and non-ideal backhaul, low frequency carriers and high frequency carriers, licensed spectrum and unlicensed spectrum should be studied.
To achieve the design of U-CA, the following considerations should be taken into account.
· Number of carriers
In LTE Rel-10, a maximum of 5 carriers could be aggregated. In LTE Rel-13, the maximum number of aggregated carriers is increased to 32. As more spectrum bands including licensed and unlicensed bands could be utilized by NR, the largest number of aggregated carriers should be not smaller than 32.

· Component carrier type
One consideration of CA is each carrier is an independent carrier with duplicated synchronization channel and common control signals on each carrier, which is a waste of spectrum resources [2]. To reduce the aforementioned overhead, a carrier without certain channels, e.g. synchronization channel, could be considered. Another consideration of CA is independently scheduling on each carrier, which may increase the control channel overhead [2]. In NR, joint multi-carrier scheduling could be considered to reduce the control channel overhead [6].
· Cross-carrier scheduling and joint UCI feedback
In our companion paper [4] [5], details and motivation could be found. The view is given as follows.
Proposal 5: Cross-carrier scheduling and joint UCI feedback, e.g. HARQ-ACK feedback, should be supported in NR CA.
· TB mapping
· Fast carrier access
· Power control
In our companion paper [6] [4] [7], details and motivation for TB mapping, fast carrier access and power control could be found. The views are given as follows.
Proposal 6: Both per-carrier and cross-carrier TB mapping should be further studied.
Proposal 7: Fast carrier access for efficient CA operations and for handling limited UE capability should be supported.
Proposal 8: A unified UL power control mechanism for CA and DC should be considered.
· Multiple numerologies
As widely discussed in previous RAN1 meetings, different numerologies, e.g. subcarrier spacing, are likely to be used for frequency bands below 6GHz and above 6GHz. Consequently, it is likely that a UE aggregate multiple carriers with different numerologies, one case is low frequency assisted high frequency transmission via CA.
Proposal 9: NR should support aggregating multiple carriers with different numerologies.
3 Conclusion
Proposal 1: Consider a segmented operation design for NR transmission over one carrier with multiple numerologies. Different numerologies are multiplexed on one carrier for one UE is called multi-segment operation.

Proposal 2: Striving for a common physical layer design between different aggregations of carrier on MAC layer or PDCP layer should be considered in 5G.
Proposal 3: NR should support intra-band contiguous, intra-band non-contiguous and inter-band CA.
Proposal 4: A unified CA (U-CA) mechanism for ideal and non-ideal backhaul, low frequency carriers and high frequency carriers, licensed spectrum and unlicensed spectrum should be studied.
Proposal 5: Cross-carrier scheduling and joint UCI feedback, e.g. HARQ-ACK feedback, should be supported in NR CA.
Proposal 6: Both per-carrier and cross-carrier TB mapping should be further studied.
Proposal 7: Fast carrier access for efficient CA operations and for handling limited UE capability should be supported.
Proposal 8: A unified UL power control mechanism for CA and DC should be considered.
Proposal 9: NR should support aggregating multiple carriers with different numerologies.
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