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1 Introduction

At RAN2 #94 meeting [1], it was agreed that:
Aggregation of NR carriers is to be studied.

As in LTE, NR shall study lower layer aggregation (e.g. CA-like) and upper layer aggregation (e.g. DC-like).
In this contribution, operations on multiple NR carriers are discussed.
2 Discussion
2.1 Candidate spectrum

Spectrum relevant for NR ranges below 700MHz up to 100GHz. Spectrum bands currently identified for IMT in the ITU-R Radio Regulations will remain in NR era. There are 19 candidate bands being considered for IMT at WRC-15, from 470MHz to 6.425GHz [2]. For frequency bands above 6GHz, the WRC-15 discussions have agreed to include an agenda item in WRC-19 for the future development of IMT. The conference also reached agreements on a set of bands that will be studied for NR, from 24.25 GHz to 86GHz [3].
Observation 1: NR could be deployed at a wide range of numerous frequency bands.
2.2 Segmented operation on a wideband 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 should 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. Furthermore the resource not used in one segment can be reused by other services dynamically.  For the segment division in one carrier, 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. As illustrated in Figure 1, there are four numerologies multiplexed in FDM within a wideband carrier, we can divide the carrier into four segments according to numerology.


[image: image1.emf]f

Numerology 4

Numerology 3

Numerology 2

Numerology 1

Segment 1

Segment 2

Segment 4

Segment 3


Figure 1 Illustration of segments 
Proposal 1: Consider a segmented operation design for NR transmission over a wideband of spectrum with multiple numerologies.
2.3 Multiple carrier operation
As discussed in Section 2.1, NR could operate in lots of frequency bands, both below 6GHz and above 6GHz. It needs to support of carrier aggregation at least among these bands to support high peak rate data as well as to achieve more efficient utilization of wide spectrum ranges. In addition, if the bandwidth of a band is larger than the largest bandwidth of a carrier defined in standards, then the band has to be partitioned into multiple carriers. Consequently, as depicted in Figure 2, the 3 types of CA scenarios, i.e. intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA, should be supported in NR. As discussed in the previous subsection, each carrier may contain one or more segments corresponding to possibly multiple numerologies.
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Figure 2 Intra-band and Inter-band CA

Proposal 2: NR should support intra-band contiguous, intra-band non-contiguous and inter-band CA with multiple numerologies.
Apart from carrier aggregation, UEs could be connected to multiple carriers from different transmission points through dual connectivity in LTE [5]. In the deployment of NR, due to the limitation of fixed UE and TRP association mechanism in LTE, a logical entity coverying a group of TRPs, named hypercell, can be formed to serve a UE [4]. 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.
[image: image3.png]Regional
Controller

Controller Controller

B8 g 8
5 BEE ©

Belong to Hyper Cell 182





Figure 3 Hypercell 
Proposal 3: A unified CA mechanism for intra-TRP and inter-TRP with ideal and non-ideal backhaul should be studied.

To achieve a unified design of intra-band/inter-band CA for intra-TRP/inter-TRP, the following considerations should be taken into account.
· Number of carriers and carrier type
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 could be utilized by NR, whether more than 32 aggregated carriers would be supported should be discussed. 
In LTE Rel-13, the concept of cell group in CA is proposed, in which up to two cell groups are defined. In each cell group, PUCCH can only be carried on one carrier, i.e. Pcell or PScell, which can’t be de-activated. In NR, TRPs are transparent to the UE in a hypercell and no handover occurs when the UE moves across TRPs, so the carrier carrying PUCCH should be considered.
· Cross-carrier scheduling and joint UCI feedback
Since low frequency is less susceptible to path loss and blockage as compared to high frequency, low frequency assisted high frequency via CA to provide reliable control information could be considered. In addition, due to the limitation of UE capability, the number of supported UL carriers is usually smaller than that of DL carriers. Consequently, cross-carrier scheduling and joint UCI feedback, e.g. HARQ feedback, should be supported in NR. Unlike LTE, multiple numerologies could be used by different carriers in NR. For example, the slot length of one carrier at 2GHz may be 0.5ms and that of another carrier at 28GHz may be 0.125ms. Therefore, a unified design of cross-carrier scheduling and joint UCI feedback when multiple numerologies are used should be studied.
Proposal 4: Cross-carrier scheduling and joint UCI feedback, e.g. HARQ-ACK feedback, should be supported in NR CA.
· Fast carrier access for efficient CA operations and limited UE capability

With possibly more than 32 carriers supported by a UE in NR, how to efficiently operate with CA needs to be addressed. Clearly, requiring a UE to monitor all aggregated carriers at all time (e.g., similar to LTE activated carriers) is not efficient in terms of UE power consumption, monitoring complexity, etc. On the other hand, deactivating some of the aggregated carriers until data arrival is also inefficient, unless the activation procedure can be performed fast enough. Therefore, fast carrier access based on physical layer indication and procedure should be considered for CA scenarios. In other words, a UE generally monitors only a subset of the aggregated carriers, but it quickly access any carrier(s) indicated by fast physical layer indication immediately upon reception of the indication and then monitors the carriers. With this mechanism, UE with limited capability of DL aggregation can efficiently utilize the entire bandwidth available at the network over time. Likewise, this mechanism can also be applied in UL so that a UE with limited UL CA capability can transmit on the entire bandwidth of the network over time.

Proposal 5: Fast carrier access for efficient CA operations and limited UE capability should be supported.
3 Conclusion
Observation 1: NR could be deployed at a wide range of numerous frequency bands.

Proposal 1: Consider a segment operation design for NR transmission over a wideband of spectrum with multiple numerologies.
Proposal 2: NR should support intra-band contiguous, intra-band non-contiguous and inter-band CA with multiple numerologies.
Proposal 3: A unified CA mechanism for intra-TRP and inter-TRP with ideal and non-ideal backhaul should be studied.

Proposal 4: Cross-carrier scheduling and joint UCI feedback, e.g. HARQ-ACK feedback, should be supported in NR CA.
Proposal 5: Fast carrier access for efficient CA operations and limited UE capability should be supported.
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