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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1#87 meeting [1], it was agreed that:
Agreements:
· For phase 1, carrier aggregation/dual connectivity operation within NR carriers over e.g. around 1GHz contiguous and non- contiguous spectrum from both NW and UE perspectives is supported
· [4 - 32] should be assumed for further study of the maximum number of NR carriers
· RAN1 will try to decide the exact number in this week
· Cross-carrier scheduling and joint UCI feedback are supported
· Per-carrier TB mapping is supported
· FFS TB mapping across multiple carriers
Agreements:
· NR should provide support for carrier aggregation, including different carriers having same or different numerologies.
In this contribution, beam management across low frequency and high frequency carriers in multiple carrier operation is discussed.
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. In LTE, the channel characteristics of component carriers are similar to each other.
Different aspects of multiple carrier operation in NR are discussed in our companion contributions [2] [3] [4]. In NR, due to the introduction of high frequency, the channel characteristics of component carriers in multiple carrier operation could be substantially different. As we know, low frequency carrier can provide large coverage and robust connection but relative low data rate. On the other hand, high data rate is achievable in high frequency carrier due to large available bandwidth. However, HF carrier generally has small coverage due to large path loss and link robustness is another concern in HF transmission. It is a natural consideration to aggregate HF carrier and LF carrier to provide both robust connection and high data throughput. In this contribution, we further consider cross carrier assistance in LF and HF carrier aggregation. 
In NR, unified multi-beam based access was discussed in previous RAN1 meetings. Multiple beam based initial access and beam alignment incur considerable overhead, especially in high frequency. Instead of using always-on initial access signals (IAS) entirely, an extra on-demand IAS was introduced to reduce the overhead. Another way of reducing the overhead would be cross carrier assistance. In the case of multiple carrier operation across LF and HF carriers, initial access and beam management in HF carrier can be assisted by LF carrier to reduce the overhead. One straightforward example is for the aforementioned on-demand IAS, the triggering of IAS in HF carrier can be aided by the sponsor carrier, i.e., LF carrier. Furthermore, HF carrier can even be dynamically switched on or off depending on service requirements. 
Beam Management across Multiple Carriers 
General Discussion
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. 
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.  
LF Carrier Assisted Initial Access 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. Thanks to the radio propagation characteristics in low frequency channels (e.g. in the 3.5 GHz frequency band), we may achieve omni-directional transmissions directly in low frequency.  Fig. 1 illustrates two possible scenarios for LF and HF TRP location.
In Fig. 1 (a), the LF and HF TRPs are co-located. The LF and HF TRP may have similar coverage through proper power control and beam management. Note that an aggregation of multiple directional beams would be needed for the HF TRP to achieve omni-directional coverage. In such a case, the interface between the LF and HF TRPs may be assumed as ideal, with minimum latency and extremely large bandwidth. Another benefit of having co-located LF/HF TRPs is that, directional information (be it coarse or fine) obtained in the LF channel may be reused in the HF channel. Note that co-location 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.
In Fig. 1 (b), the LF and HF TRPs are located at different points, and one LF TRP may take care of multiple HF TRPs. It is noted that in this case, the HF TRP coverage may be a subset of the LF TRP coverage. The interface between the LF TRP and HF TRP may be an ideal backhaul (e.g. optical fiber), for which minimum/negligible latency and extremely large bandwidth may be assumed. The interface may also be a non-ideal backhaul link (e.g. microwave, DSL among others), for which the latency is non-negligible and may be as large as several milli-seconds. In such a case, delay-sensitive signal transmissions may be outdated quickly. With LF TRP and HF TRPs positioned at different points, directional information obtained in the LF channel may not be directly reused in HF channels. 
Proposal 1: Low frequency carrier assisted initial access should be considered for high frequency carrier in NR multiple carrier operation.

[image: ]
Fig. 1 Illustration of LF and HF TRPs
With LF and HF carrier aggregation (applicable in the ideal backhaul cases, for both of the deployments shown), LF carrier may serve as a primary component carrier (PCC) to provide robust connection. After the initial security activation procedure in LF carrier, NW may configure a HF capable UE with one or multiple HF secondary component carriers (SCC) when there is a scheduling request. As discussed before, HF communication is directional. Hence UE position information can be useful for NW to select HF TRPs close to the UE. A subset of IAS can also be configured by NW for each HF TRP based on the UE position. This will 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 NW more power efficient. A possible signalling flow is illustrated in Fig. 2.


Fig. 2 Illustration of LF assisted HF access
Proposal 2: With low frequency carrier assistance, UE context (e.g. position) should be considered in high frequency carrier initial access in NR multiple carrier operation.
Other than providing more precise UE-specific configuration for HF initial access, LF carrier can also simplify the HF downlink beam detection. In one example, UE in initial HF access may report via LF carrier favorable downlink beams detected by on-demand IAS before a reliable HF link is beam aligned and fully established. Similar mechanism can also be employed in HF beam tracking. UE in HF transmission may also report HF link failure/blockage and re-initiate HF access via LF carrier. For example, the UE may report to the LF carrier when the HF link fails, allowing the LF carrier to configure measurements towards the HF layer and/or re-evaluate UE-specific information such as position, to support re-establishment of the HF link.  Such a procedure would also allow the LF carrier to keep the user service active, at a reduced data rate (but better performance than a dropped connection).
Proposal 3: Cross carrier assistance for beam management, including beam detection, beam refinement, beam tracking and beam blockage recovery etc., should be considered in NR.
LF Carrier Assisted Data Transmission in HF Carrier
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 4: On-demand HF carrier transmission/reception, assisted by LF carrier, should be considered in NR multiple carrier operation.


Fig. 3 Illustration of LF assisted HF on-demand transmission
Fig. 3 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.
Conclusion
In this contribution, beam management across multiple carriers (e.g., LF and HF carriers) is discussed. Based on those discussions, we have the following proposals:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: Low frequency carrier assisted initial access should be considered for high frequency carrier in NR multiple carrier operation.
Proposal 2: With low frequency carrier assistance, UE context (e.g. position) should be considered in high frequency carrier initial access in NR multiple carrier operation.
Proposal 3: Cross carrier assistance for beam management, including beam detection, beam refinement, beam tracking and beam blockage recovery etc., should be considered in NR.
Proposal 4: On-demand HF carrier transmission/reception, assisted by LF carrier, should be considered in NR multiple carrier operation.
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