3GPP TSG-RAN WG1 #86 Bis																		R1-1609665
Lisbon, Portugal, October 10-14, 2016

Agenda item:		8.1.2.2
Source:	Nokia, Alcatel-Lucent Shanghai Bell
Title:	On bandwidth extension solutions in NR
Document for:		Discussion and Decision
1	Introduction
In HSPA and LTE the bandwidth extension mechanism has been introduced with carrier aggregation fashion (dual-carrier in 3G), where two or more carriers are aggregated together for single UE, after the first release of the radio technology. Additionally, support dual connectivity and multi-flow has been introduced for both LTE and HSPA respectively to support aggregation of bandwidth for the UE served by two eNB/NodeB with non-ideal backhaul.
As these schemes are well established it is expected that initial NR specifications supports bandwidth extension scheme(s) to allow flexible aggregation of spectrum for single UE transmission and reception. Furthermore, the multi-connectivity[footnoteRef:1] where more than one higher layer connection is used to serve single UE connection is expected to be supported in early phase of NR.  [1:  Dual-Connectivity can be seen as one implementation of Multi-Connectivity where two layer 2 connections are used. ] 

In this contribution we discuss requirements and different methods for extending bandwidth in NR.
2	Discussion
2.1 Different methods for bandwidth extension
For bandwidth extension, there exists three different methods, those being Carrier Aggregation, Channel Bonding and Multi-connectivity. In Table 1 we shortly summarize each method based on their main characteristics. It can be seen from the table that channel bonding is actually normal NR TX and RX operation with wider subcarrier spacing and shorter symbol duration resulting wider channel bandwidth when IFFT/FFT size is maintained. The channel bonding could also be achieved by increasing the FFT size, i.e. utilizing 4K or 8K IFFT/FFT processing to wider channel bandwidth, but then major implementation benefits of this approach would reduce significantly compared to Carrier aggregation and same time lower flexibility compared to CA. 
[bookmark: _Ref462658296]Table 1: Different bandwidth extension methods
	Carrier Aggregation
	Channel Bonding
	Multi/Dual Connectivity

	Can be for both DL and UL as well as for DL only

	For both DL and UL
	By definition always for both DL and UL


	Obtained by configuring multiple carriers for single UE 
	Obtained “up-clocking” by decreasing symbol duration and increasing subcarrier spacing. e.g. 15KHz to 60KHz resulting BW 80MHz with 2K FFT.
	Obtained by configuring multiple L2 connections for single UE, achieved by configuring multiple carriers for single UE.

	Each CC with own scheduling including link adaptation, MCS selection, HARQ, and IFFT/FFT.
	Single, scheduling including link adaptation, MCS selection, single HARQ feedback.
	Each CC with own scheduling including link adaptation with TB selection, HARQ, and IFFT/FFT.

	Both continuous and discontinuous spectrum – multi-band.
	Continuous spectrum only
	Discontinuous spectrum

	Single or multi TX & RX operation depending on bands
	Single TX & RX operation
	Multi TX & RX operation 

	Each carrier standalone or data only layer
	Only single carrier
	Each carrier standalone, access could be restricted to Dual-connection operation only

	Guard band between CC included, as defined between CC in single CC operation. 
	No Guard bands between carriers
	Guard band between CC included, as defined between CC in single CC operation

	Can support distributed TRP scenario where each TRP operate different CC. 
	Always single NR TRP operation. (Not excluding CoMP)
	Targeted to support distributed TRP operation with non-ideal backhauls

	In DL only configuration, the UL feedback carried by other CC, resulting co-located deployment or ideal interface between CC.
	Single feedback. No impacts to NW interfaces
	Individual feedback. Works with non-ideal backhaul

	Single and Multiple UL Timing Advance possible
	Single timing advance
	Multiple UL Timing Advance value is main use case

	Single L2 protocol connection and protocol stack per UE for all CC 
	Single L2 protocol connection and protocol stack per UE for all CC 
	Multiple  L2 protocol connection and protocol stack per UE for all CC



Naturally, for all basic bandwidth extension schemes a set of variants and optimization can be introduced. For CA such optimizations could include the support of:
-	Scheduling decision are signaled via other CC – cross carrier scheduling
-	Some of the carriers can only be used in CA operation – non-standalone
For Channel Bonding such optimizations could be:
-	Dividing spectrum into multiple blocks with individual scheduling, MCS selection and HARQ feedback as discussed in [3]
For dual-connectivity an apparent optimization is:
-	Combine more than two connections resulting “multi-Connectivity”.
It is possible to draw following conclusions based on the basic bandwidth extension schemes, even without considerations on potential optimizations:
- 	Channel bonding, by using numerology with high subcarrier spacing is an efficient method for bandwidth extension in NR, when there is extensive amount of continuous spectrum and deployment allows to utilize shorter CP and symbol duration. 
-	CA is flexible method of combining non-continuous spectrum together in collocated deployments or deployments with ideal backhaul. Additionally CA is effective method for continuous spectrum, when deployment does not allow utilization of short CP and symbol duration.
-	Dual-Connectivity is effective method for combining non-continuous spectrum with non-collocated deployments with non-ideal backhaul  
Due to above we believe that NR radio should support all these different bandwidth extension methods and combinations of these.
Proposal 1: NR radio access shall support CA, channel bonding, and dual-connectivity and combinations of these.

2.2	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 should not be penalized with high overhead in 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. 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:
-	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 [3], 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 the CA operation. Additionally 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 2: 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 3: 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 4: 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 5: Baseline CA design should  support 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 6: 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: NR radio access shall support CA, channel bonding, and dual-connectivity and combinations of these.
Proposal 2: 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 3: CA and Multi-connectivity in NR, should support fast bandwidth adaption to adapt incoming traffic volume but avoid extensive UE power consumption.
Proposal 4: 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 5: Design should start with supporting bi-directionality – each DL CC has corresponding uplink. The support for reduced number of uplink CC is needed mainly in low frequencies to improve UL control channel coverage.
Proposal 6: Single scheduling, MCS and HARQ operation per TTI should be utilize for a UE in single carrier.
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