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1	Introduction
Following agreements were made related to CA and Dual Connectivity for NR (in RAN1#86bis):
	Agreements
· 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 we address the need of transmitting synchronization signals and PBCH in CA operation from all configured CC.
2	Discussion
When considering carrier aggregation and dual connectivity multiple deployment aspects can be considered. One of the most relevant deployment scenario is where multiple spectrum regions F1 and F2 or more carriers are transmitted same NR gNB as shown in Figure 1 with very similar or same coverage. 
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[bookmark: _Ref465771367]Figure 1: Multiple spectrum regions transmitted from same gNB.
This deployment scenario can be due to at least following reasons:
1.	On lower carrier frequency bands (<6GHz), the available spectrum is large than supported single carrier bandwidth, i.e. due to delay spreads in environment, the deployment prefers to utilize 15 kHz SCS, resulting 20MHz carrier bandwidth and available spectrum is e.g. 40MHz on the given band.
2.	On lower carrier frequencies, there is multiple spectrum junks that are however not continuous, for e.g. 10MHz on 700MHz and additional 10MHz on 900MHz. 
3.	On high frequencies the (e.g. 28GHz or 39GHz) the available spectrum is larger than supported carrier bandwidth, e.g. 60 kHz SCS supporting 80MHz -100MHz CC BW and available spectrum is 800MHz. 
In case 1 and 2, the LTE would have each carrier operate fully independent manner and transmit downlink synchronization signals PBCH, SIBs and DL paging separately. Also UE camping in idle mode would be possible in each CC based on UE reselection parameters. For scenario 1, this approach could be seen quite applicable also in case of NR. 
However, in scenario 2, the option to utilize these two non-continuous spectrum portions always together could be advantageous due to reduced overhead as synchronization channels and system information broadcast and paging needs to transmitted from single spectrum. Additionally, majority of the NR eMBB devices would be able to support CA between carriers and thus distributing UEs between different carriers for load balancing point of view is not needed.
The case 3 would only be supported by NR, where the typical gNB TX architecture would be hybrid beamforming architecture, with limited number of digital TXRUs and utilisation of analog RF beamforming. In this situation all CC will be beamformed with same analog beamformer and thus pointing into same direction in certain point of time as shown simplified illustration in Figure 2. 
Additionally, at high frequencies, synchronization signals are transmitted in sweeping manner to obtain beamforming gain for improved cell coverage. Similar sweeping is needed for PBCH transmission making transmission of both synchronization and broadcast signal transmission quite resource inefficient. As the direction of the synchronization beam is changing rapidly, even in every symbol (depending on final design), and all carriers will go effect of same analog beamformer, the utilization of the other carrier for user plane data transmission is not really feasible. 
However, if other carriers are made silent, all TX power can be concentrated on carrier transmitting synchronization signals resulting potentially quite significant additional power boost for synchronisation signals and PBCH. Naturally, different deployments may utilize this feature differently, for e.g. to introduce frequency re-use of synchronization signals between different cells, to reduce interference to other CC, or to improve gNB power saving for example.
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[bookmark: _Ref465775725]Figure 2: Multiple CC utilizing same analog beamforming (at time moment t=1 and t=2) 
Therefore, there is good motivation to consider that carriers on high frequencies transmitted from same gNB can operate together and allow that not all carriers transmit synchronization signals and PBCH.
Finally, it is noted that allow feature allows avoiding transmission of synchronization and PBCH signals in LBT fashion in unlicensed spectrum, when LAA operation is used between unlicensed spectrum and licensed spectrum.
From UE complexity point of view, having carriers that are not transmitting synchronization signals or PBCH, is not seen that significant issues. Naturally if a carrier is not transmitting synchronization signal, the carrier is not found in cell search or evaluated in cell reselection in RRC connected inactive or in RRC Idle state. Similarly the carrier is not reported in measurement result in normal HO situations. The main requirements are that 
a) 	UE accepts in CA configuration, where configure carrier is not detected beforehand and not providing synchronization signals nor PBCH, 
b) 	UE is able to utilise time and frequency synchronization and beam selection (on case 3) from the other cell which could be called as PCell. 
We expect that higher layer signalling would indicate the cell to be used as reference for time and frequency synchronization and UE can assume same time and frequency source between these CC in the network side. Due to UE downlink synchronisation and requirement to have same time and frequency source, we foresee that this option is not feasible for non-co-located carriers having non-ideal backhaul and thus this option is not that suitable for DuCo scenarios. 
As the additional UE complexity is limited and there is clear use cases for more efficient system operation we propose following:
Proposal 1: In CA operation, the network may configure a UE with additional CCs that are not transmitting synchronization signals nor PBCH. The configuration shall indicate which cell the UE should use as timing and frequency reference to these CCs. 
The question following from proposal 1 is whether a CC, not transmitting synchronization signals nor PBCH, is transmitting PDCCH, or PUCCH. In our view, such CC should be able to provide same link adaptation and scheduling capabilities as CC transmitting synchronization signals and PBCH and network should be able to schedule such CC independently from PCell. Furthermore, removing PDCCH, and use PDCCH of the carrier transmitting synchronization signals and PBCH would introduce higher PDCCH load on this carrier and overall control channel overhead would not be reduced. Thus we see that PDCCH transmission on CC not transmitting synchronization signals and PBCH should be supported. 
Similar, conclusion can be made for PUCCH, even though due to uplink coverage limited scenarios operating with lower number of PUCCH would be beneficial. However this operation may be needed even if synchronization signals and PBCH are transmitted and is independent from this feature. Thus we see that network could configure and schedule PUCCH transmission on carrier not transmitting synchronization signals nor PBCH.
Based on above we propose that:
Proposal 2: In CA operation, the network may configure and schedule PDCCH, and PUCCH, on CC that is not transmitting synchronization signals nor PBCH.   
3	Conclusions
In this contribution we have discussed option of not transmitting synchronization signals and PBCH in certain carrier when configuring CA operation for the UE. Based on discussion we propose following:
Proposal 1: In CA operation, the network may configure a UE with additional CCs that are not transmitting synchronization signals nor PBCH. The configuration shall indicate which carrier the UE should use as timing reference to these CCs
Proposal 2: In CA operation, the network may configure and schedule PDCCH, and PUCCH, on CC that is not transmitting synchronization signals nor PBCH.   
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