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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




Additionally, we discussed our high level views in RAN1 #86bis contribution [3]. In addition to this contribution we have additional detailed contributions on different CA/DuCo operation in [4] and [5].
In this contribution, we summarize our high level PHY design views for CA and multi-connection operation in NR.
2	Discussion on design aspects
The LTE CA Rel10 supported up to 5 component carriers (CC), but has been recently updated to support up to 32 carriers indicating that original limitations was too restrictive. Therefore it is anticipated that the number of CC that NR should be able to aggregate should not be limited by specifications. Thus in NR the design target for CA in NR should be:
-	Scalable design that does not set any specific numeric restrictions on number of supported carriers. Naturally different UE & NW implementations may support lower number of CC and in such case, such operation should not be penalized with high control overhead coming from control channels and MAC headers etc. 
In the LTE CA the configured SCell is considered as inactive after RRC configuration and separate MAC CE command is needed to activate the SCell. This, together with the included CSI reporting delays introduces significant latency to utilize additional bandwidth to the situation where Pcell is able to serve traffic before Scell is actually in operation. In LTE, improvements for this aspect are currently being considered. With extensive system bandwidths and latency targets of the NR the need for fast bandwidth adaption is even greater. Benefits of fast activation with simulation results are presented in [3]. Similarly in LTE DuCo, the configuration delay is also significant due to necessary X2 interface signaling and possible S1 path switching. This results that DuCo should be configured only once and configuration should be maintained even tough data volume goes momentarily down. Thus NR CA and multi-connectivity design should support:
-	Fast bandwidth adaption to adapt to the incoming traffic volume but avoid extensive UE power consumption.
In the LTE CA and LTE DuCo, even though specified in different releases (Rel10 and Rel12, respectively), the PHY design of the features has significant similarities. As now in NR both CA and multi-connectivity are needed from the very beginning, the PHY design for both should be considered simultaneously and should maximize similarities. Thus NR CA and multi-connectivity design should be:
-	Identical from PHY perspective. The only difference is that multi-connectivity is always having at least one uplink-downlink CC pair per higher layer connection due to non-ideal backhaul.
When UL data rate is several Mbps, UE transmitting separate control channels in each CC is not limited by the uplink coverage. Thus, especially in high TDD bands, targeted to several Mbps data rates in both DL and UL direction, the CA operation can be bi-directional for each carrier, resulting that each CC has own uplink control channel (PUCCH). Therefore the PUCCH capacity is less of the issue compared to a case when single UL CC is supporting multiple downlink CC. The reduced number of uplink CC is mainly needed on low frequencies to improve UL control channel coverage, which can be seen as optimization of basic operation. Therefore, the NR CA design:
-	Design should start with assumption of bi-directionality – each DL CC has corresponding uplink CC. The support for reduced number of uplink CC is needed mainly in low frequencies to improve UL control channel coverage and should be defined as an optimization over the bi-directional design.
Regarding channel boding and possible dividing spectrum into multiple blocks for individual scheduling, MCS selection and HARQ feedback as discussed in [6], we note that it is only beneficial if channel response is having strong frequency selective behavior in the scale of given block size. Block size in the order of 20MHz may be considered on a carrier of total bandwidth of 80 to 100MHz. However, the channel is not frequency selective between 20MHz blocks that often as it would require delay spread smaller than 50ns. Rather all 20MHz blocks easily look very similar, each having some frequency parts fading more than others but in average very similar amount. Thus doing different MCS and HARQ operation at such level is not that attractive, as it implies higher scheduling overhead and high number of HARQ processes for limited gain. In fact, the solution would be from scheduling and HARQ point be identical to as adding additional carrier to the CA operation. Besides, frequency selective scheduling based on resource blocks will anyhow be available, providing gains in frequency selective channel. Thus we consider that:
-	Single scheduling, MCS and HARQ operation per TTI should be utilized for a UE in single carrier. 

Based on above, we propose following:
Proposal 1: Design of the CA in NR must be scalable that does not set any numeric restrictions on number of supported carriers. Naturally different UE & NW implementations may support lower number of CCs and should not be penalized with high overhead.
Proposal 2: CA and Multi-connectivity in NR should support fast bandwidth adaption to adapt to the incoming traffic volume but avoid extensive UE power consumption.
Proposal 3: CA and Multi-connectivity should be identical from PHY design perspective. The only difference is that Multi-connectivity is always having at least one uplink-downlink pair per higher layer connection due to non-ideal backhaul.
Proposal 4: Design of baseline CA should start with assumption of bi-directionality – each DL CC has corresponding uplink CC. The support for reduced number of uplink CC is needed mainly to improve UL control channel coverage.
Proposal 5: Single scheduling, MCS and HARQ operation per TTI should be utilized for a UE in single carrier.
3	Conclusions
In this contribution we have discussed basic design aspects of carrier aggregation, channel bonding and Dual-connectivity. In summary we made following proposals:
Proposal 1: Design of the CA in NR must be scalable that does not set any numeric restrictions on number of supported carriers. Naturally different UE & NW implementations may support lower number of CCs and such operation should not be penalized with high overhead.
Proposal 2: CA and Multi-connectivity in NR, should support fast bandwidth adaption to adapt incoming traffic volume but avoid extensive UE power consumption.
Proposal 3: CA and Multi-connectivity should be identical from PHY perspective. The only difference is that Multi-connectivity is always having uplink-downlink pairs due to non-ideal backhaul.
Proposal 4: Design should start with assumption of supporting bi-directionality – each DL CC has corresponding uplink. The support for reduced number of uplink CC is mainly needed in low carrier frequencies to improve UL control channel coverage.
Proposal 5: Single scheduling, MCS and HARQ operation per TTI should be utilize for a UE in single carrier.
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