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1 Introduction
In RAN#75 meeting [1], it was agreed that the following aspects of CA and DC need to be specified in NR phase 1:

-    Dual Connectivity between E-UTRA and NR, for which the priority is where E-UTRA is the master and the second priority is where NR is the master, and Dual Connectivity within NR, including:

-
Standardizing bearer types recommended in TR 38.804 [RAN2];

-
Necessary physical layer mechanisms including UL power control [RAN1];

-
Identify band combinations and corresponding requirements [RAN4].

-
Carrier Aggregation within NR, for which the priority is the functionality of PSCell and SCell [RAN1, RAN2, RAN4];

It was further agreed in RAN1 NR Ad Hoc meeting #2 [2]:
· For QCL, NR supports:

· QCL assumption across carriers and bandwidth parts for DL

· FFS details for indication, the applicable RS(s), the applicable QCL parameters, and configurability

· FFS whether or not to have UE assisted management
In this contribution, beam management across multiple carriers are discussed, including across one low frequency (LF) and one high frequency (HF) carrier, and across one HF carrier and another HF carrier.  QCL on beam management functionality in multiple carrier operation is also discussed. 
2 General Discussions
In NR, due to the introduction of high frequency, the channel characteristics of component carriers in multiple carrier operation could be substantially different. In particular, the millimetre wave high frequency (HF) link suffers inherently from large path loss and random blockage. Henceforth, high gain transmit and/or receive beamforming is required to make up for the stringent link budget. As a result, the associated transmission becomes highly directional and a single transmit beam may cover only a small region in the selected angular directions. 

Signal transmissions in the initial access stage, however need be omni-directional to cover possible UEs at different directions. A simple idea would be to mimic the omni-directional transmissions by forming multiple (N) beams at different directions, possibly over different time slots. Here N is the number of directional beams needed for aggregation in order to successfully mimic an omni-directional transmission, and is proportional to the number of antenna elements Nt in HF. As we recall, a large number of antenna elements Nt is required to bring sufficient transmit/receive gain to the underlying HF link. Thus, the overall overhead (in terms of air time spent for IAS transmissions) would be significantly large, if we rely purely on multi-beam based initial access in HF. 

In general, a low frequency carrier can provide large coverage and robust connection but relatively low data rate, while high data rate is achievable in high frequency carrier due to its large bandwidth. However, HF carrier generally has small coverage due to large path loss, and link robustness is another concern in HF transmissions. It is natural to consider aggregating a HF carrier and a LF carrier to provide robust connection as well as high data throughput. In this contribution, we further consider cross carrier assistance. Two main scenarios are considered, one is the carrier aggregation across a LF carrier and a HF carrier, and the other is the carrier aggregation across a HF carrier and another HF carrier. 
3 Beam Management across Multiple HF Carriers

In HF communications, beamforming is typically required to combat the severe path loss, and beam management need to be executed to find and track the proper beam pair link for data transmissions between HF TRP and UE. In the case of multiple HF carrier aggregation, if the two transceivers are co-located and that the two frequencies are sufficiently close to each other, it is expected that the two HF carriers should see similar receive power distribution in the spatial domain. 
To justify this conjecture, some measurement results are collected from the field and illustrated in the following figures, where the received power on the two component carriers are compared against each other in the spatial AoA domain, and the measurement settings can be found in the Appendix. Both Line-of-Sight (LOS) and Non-Line-of-Sight (NLOS) scenarios are shown.
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Fig. 1 Receive power distribution for two collocated adjacent HF carriers

Also shown in Fig. 2 is the cumulative distribution function of the power difference between the two component carriers. 
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Fig. 2 Receive power difference between two collocated adjacent HF carriers

As we can see from Figs. 1 and 2, the UE receive power distribution on carrier 1 matches very well with the UE receive power distribution on carrier 2, with the power difference mostly less than 4 dB, with a probability of > 95% for the LOS case and a probability of >90% for the NLOS case. 

Given this, beam management information in a first HF component carrier can be, at least partly, reused in the second HF component carrier. In another word, spatial QCL (in terms of downlink beam profile) can be assumed across adjacent co-located component carriers in the multiple HF carrier operation. As a result, the beam management overhead can be largely reduced for the second component carrier. 

To enable the beam management overhead reduction in the second carrier, a UE can be configured with the spatial QCL among different component carriers. The spatial QCL assumption on carriers indicates that whether Tx/Rx beams in two different HF component carriers have the similar beam profile, which can be used by UE in beam management. It was agreed in last meeting that NR supports QCL assumptions across carriers. Based on the discussion, we further propose:
Proposal 1: NR supports spatial QCL indication across HF carriers.
A spatial QCL carrier group may be specified and indicated to UE when associated HF carriers are activated. The spatial QCL carrier group information can be obtained by the UE in system information during initial access. Or when a new carrier is activated, the new carrier can be signalled via RRC signalling to possess spatial QCL relationship with another active carrier

Proposal 2: For HF carrier aggregation, a spatial QCLed component carrier group should be specified in NR.
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Fig. 3 (a) Receive power difference in LOS
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Fig. 3 (b) Receive power difference in NLOS
While Figure 2 captures the spatial QCL relationship by the probability of power difference between two carriers on a cell-average level (let’s call it set 1: drop Rx randomly and average the measurements), Figure 3 further investigates this relationship by adding UE positions into consideration. By placing UEs away from gNB along a line (let’s call it set 2), Figure 3(a) and 3(b) present the probability of power difference smaller than 3 dB between two carriers in LOS and NLOS scenarios respectively. If we define that two carriers are spatially QCLed when this probability > 0.8, UEs at different positions in different scenarios may have different deductions on whether these two carriers are spatially QCLed or not. In particular for NLOS, the probability varies dramatically depending on the Tx-Rx distance and other factors due to the complicated propagation environment. With this in mind, UEs shall measure and report to let gNB having correct information to maintain the spatial QCLed component carrier group. For example, gNB can configure a normal- and longer- periodic CSI-RS measurements for the beam management on a reference CC and other CCs in the group respectively. 
Proposal 3: For HF carrier aggregation, a spatial QCLed component carrier group can be maintained based on UE feedback.
4 Beam Management across LF and HF Carriers 
4.1 LF Carrier Assisted Initial Access and Beam Management in HF Carrier
The main reason behind the large initial access overhead is directional transmission of initial access signals using transmit beamforming in high frequency. One possible way of reducing such large overhead would be low frequency carrier assistance. In [3], two possible scenarios are considered for LF and HF TRP location. 
For collocated LF and HF TRPs, directional information (e.g. DOA) obtained in the LF carrier may be partially reused in the HF carrier. In another word, initial access and beam management in HF carrier can be initialized with the directional information obtained from LF carrier. Note that collocation may be limited to certain scenarios only, as the overall cost would be extremely high to associate each HF TRP with a co-located LF TRP.

If the LF and HF TRPs are located at different places, one LF TRP may be associated with multiple HF TRPs. Directional information obtained in the LF channel may not be directly reused in HF channels. However, some UE contexts (e.g. position estimate based on LF carrier measurements) could still be helpful. Hence UE position information can be useful for NW to select HF TRPs close to the UE. A subset of initial access signals can be configured by the network for each HF TRP based on the UE position estimate. This will also significantly reduce the overhead in downlink beam detection in HF carrier. On the other hand, HF TRP only turns on as needed, which also makes the device more power efficient. A possible signalling flow is illustrated in Fig. 3.

Based on above discussion, we have:
Proposal 4: Low frequency carrier assisted initial access should be considered for high frequency carrier in NR multiple carrier operation.
· For co-located carriers, directional information (e.g., DOA) obtained in LF carrier can be reused in HF carrier for initial access and beam management;

· For non co-located carriers, UE context information (e.g., position) obtained in LF carrier can be used in HF carrier initial access.


[image: image6.emf]LF TRP

HF TRP(s)

UE

DL beam detection

UE context (e.g. position)

HF indication and HF TRP configuration


Fig. 3 Illustration of LF assisted HF access

4.2 LF Carrier Assisted Data Transmission in HF Carrier
Link robustness is also an important issue for HF transmissions. Due to the large bandwidth in HF, data transmissions will typically be intermittent with very short duty cycles. Following the common practice in low frequencies, a UE may try to maintain the connection with HF TRPs. This however may not be desirable because the UE/TRP need to re-train/track the directional information and consumes considerable power and overhead at both sides.  

As discussed in previous section in LF/HF carrier aggregation, HF carrier initial access can be significantly simplified with LF carrier assistance.  On top of that, data transmissions in HF carrier may be carried out in an on-demand manner with LF carrier assistance as well. Specifically, when there is no UE to serve, a HF TRP may follow the conventional practice (e.g. LTE) of continuously transmitting various signals including synchronization signals, broadcast signals among others. This is clearly a waste of power at HF TRP side, and may cause undesirable interference to nearby HF TRPs. Therefore, dynamic TRP ON-OFF based on LF-assisted loading information in the TRP neighborhood can be enabled. On the other hand, even if there is no HF TRP around, UE may follow the conventional practice (e.g. LTE) in closely monitoring the HF channel. This however is very power consuming especially from the UE perspective. First of all, UE need to carefully keep track of the beam directions to/from the HF TRP. Secondly, HF RF consumes considerable power for regular transmission and reception. Therefore, dynamic HF ON-OFF at the UE can be configured by LF TRP based on on-demand service request or real-time location information of HF TRP and UE. It is thus meaningful and necessary for both TRP and UE to engage in HF transmissions/receptions in an on-demand fashion, which can be conveniently assisted by LF. 

Proposal 5: On-demand HF carrier transmission/reception, assisted by LF carrier, should be considered in NR multiple carrier operation.
Fig. 4 gives an example of downlink on-demand transmission in HF carrier. Firstly, NW pages UE and setup a connection with UE via LF carrier. If HF TRP(s) is available and UE is HF capable, NW sends configuration of HF carrier(s) to UE via LF carrier. The configuration may include IAS information, which could be UE-specific with awareness of UE position. Meanwhile, LF TRP will notify/activate candidate HF TRP(s) to send designated IAS in downlink starting from certain time. The UE detects the favorable beam(s) based on IAS, then performs initial access to HF carrier with possible assistance from LF carrier as we discussed before. Once HF link is setup, downlink data transmission can be initiated accordingly. Due to the large available bandwidth in HF, the transmission time is assumed to be short. Thus the HF link can be considered robust during the transmission. The acknowledgement can be sent in either HF carrier or LF carrier. Once transmission is completed, the HF transceiver can be turned off in both HF TRP (if no other UE in service) and UE.
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Fig. 4 Illustration of LF assisted HF on-demand transmission

5 Conclusion
In this contribution, beam management across multiple carriers is discussed. Based on those discussions, we have the following proposals:

Proposal 1: NR supports spatial QCL indication across HF carriers.
Proposal 2: For HF carrier aggregation, a spatial QCLed component carrier group should be specified in NR.
Proposal 3: For HF carrier aggregation, a spatial QCLed component carrier group can be maintained based on UE feedback.
Proposal 4: Low frequency carrier assisted initial access should be considered for high frequency carrier in NR multiple carrier operation.
· For co-located carriers, directional information (e.g., DOA) obtained in LF carrier can be reused in HF carrier for initial access and beam management;

· For non co-located carriers, UE context information (e.g., position) obtained in LF carrier can be used in HF carrier initial access.

Proposal 5: On-demand HF carrier transmission/reception, assisted by LF carrier, should be considered in NR multiple carrier operation.
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Appendix

Measurement settings
	Parameter
	Value

	Scenario
	Indoor Hotspot

	Frequency band
	28 GHz

	Tx height
	2.8 m

	Rx height
	1.5 m

	Tx gain (Horn, 3dB)
	10 dBi

	Rx gain (Horn, 3dB)
	25 dBi

	Rx beam scan
	Azimuth: [0, 360]°, step size: 5°

	Component Carrier 1
	200 MHz @ 27.9 GHz

	Component Carrier 2
	200 MHz @ 28.1 GHz

	Set 1
	Drop Rx randomly and average

	Set 2
	Place Rx along a line
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