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Introduction
For rel. 16 RAN4 must discuss UE requirements for intra-band DL CA enhanced from rel. 15 [1]. In this contribution, we share our view on practical implementation constraints in pursuing CA BW enhancement.
Discussion
For rel. 16, the WID [1] (reproduced in section 5.0) identifies ‘aggregated BW’ as the parameter for enhancement, for both contiguous, as well as non-contiguous DL CA. Enhanced aggregated BW is gated by:
· DL data pipe size in the digital domain
· [bookmark: OLE_LINK21]Signal-handling bandwidth of the ‘front end’, which include RF electronics, ADCs, filters, etc. This parameter is identical to frequency separation, which is defined as the frequency span between the lower edge of the lowest component carrier and the upper edge of the highest component carrier that a UE can support simultaneously. A rel. 15 UE’s capability is signalled via support for one of three frequency separation classes
[image: ]
Table 2.0-1: Rel. 15 frequency separation classes
In rel. 15, DL CA has been enabled for a maximum frequency separation of 1400MHz, as illustrated in table above.
It is well understood that DL data pipe size must increase to accommodate the greater aggregated BW. Increasing data pipe size does not pose a fundamental challenge. For the purpose of this contribution, the DL data pipe and is understood to be sized appropriately to keep pace with DL aggregated BW, and is not treated further.
In case of contiguous DL CA, frequency separation ability is at least as wide as aggregated BW ability. In case of non-contiguous CA, frequency separation ability can far exceed aggregated BW ability. From a UE RF perspective, it is frequency separation that needs further study, to support the planned enhancement to aggregated BW. 
While a rel. 15 UE is free to signal support of different frequency separation classes for UL and DL, the UL and DL coverage spectra in CA mode must be identical in practice. This conclusion stems from the fact that once the DL CA CCs have been identified, the UE must be able to place an UL CC on any of its DL CCs, as commanded by the network.
Observation 2: For rel. 15 FR2 UEs, UL and DL coverage spectra in CA mode are identical
To simplify this study, we make the following assumptions:
· The UE’s UL electronics (frequency separation ability) and data handling capacity (‘data pipe’) are left untouched while the DL CA capability enhancement concept is developed per the WID
· The UE’s DL CA frequency spectrum coverage, i.e the band where a UE can support placing DL CCs is contiguous 
Use case – available spectrum 
US 38G spectrum approved for mobile usage now spans 37.6G to 40.0G, with auction for 37.6-38.6 G expected in Dec ’19. It is safe to assume that many early deployments in the US are expected to utilize this entire spectrum using non-contiguous chunks. There is hence a strong use-case for UEs to support NC DL CA with as much as 2400 MHz of contiguous DL spectrum coverage (frequency separation) in n260. Note that contiguous DL spectrum coverage is distinct from contiguous DL CA.
Proposal 1: Rel. 16 UEs must be enabled to support 2400MHz frequency separation by including conditions that cover 2400MHz frequency separation in all dependent requirements in TS38.101-2.
UE Architecture 
CA on same beam vs multiple beams
A key consideration is if UEs must be able to receive CCs from non-co-located gNBs, i.e different CCs in different AoAs. This kind of scheme requires either splitting up an array into sub arrays, or using multiple panels. Significant system level design must take place to enable this type of operation. We do not believe the necessary RAN1 framework exists, so there is limited benefit in further development of this idea in RAN4 for rel. 16.
In contrast, assuming using the same beam for all CCs is merely an extension of capability defined in rel. 15. We will develop this idea further.
Receiver architecture choices
Assuming ‘multiple CCs on a single beam’ approach, we investigate different architecture options. At a high level, there are two main receiver options, discussed below: 
Single receive chain with expanded capability
The receiver design would be scaled up from rel. 15 capability to support frequency separation > 1400MHz.

Figure 2.2.2.1-1: Single enhanced receiver to support wider frequency separation
The receiver remains much the same as in rel 15, in terms of topology. Scaling frequency coverage by a significant factor like 1.5x or more makes non-trivial demands of the ADC, clocks, power consumption, etc, however.
Multiple receive chains 
This type of implementation builds on existing receiver solutions like those used in rel. 15 UEs, by running them in parallel. 

Figure 2.2.2.2-1: Multiple receiver chains to support wider frequency separation
This type of multi-receiver chain topology is complex to manage and has exposure to more mechanisms that contribute to performance degradation. On the flip side, it allows each receiver by itself to be relatively simple. 
How UL is affected
[bookmark: _Hlk16522904]In practical UE implementations, choice of receive topology can have significant impact on transmit topology, and associated limitation in overlap of UL coverage and DL coverage. Recall that for this study, we assume that the UL electronics and data pipe size remains unchanged through the DL enhancement.
Single receive chain with expanded capability
See figure 2.2.3.1-1. For a UE with independent T/R LOs, UL coverage can match DL coverage with retuning of TxLO. In the topology with common LOs, the enhanced DL coverage will extend past the UL coverage equally on both sides.

Figure 2.2.3.1-1: UL options for UE with single enhanced receiver chain
Multiple receive chains 
For UEs with independent Rx and Tx LOs, the UE’s UL coverage can be made to match it with retuning of TxLO. For UEs that utilize a common LO, the UL coverage must be identical to DL coverage of one of the receivers. 

Figure 2.2.3.2-1: UL options for UE with multiple receiver chain

UE architecture summary
The UE topologies discussed above exhibit differing UL and DL coverage, summarized in table 2.2.4-1.
	
	UL Coverage in Relation to enhanced DL coverage type

	
	Independent R/T LOs
	Common R/T LOs

	Single Enhanced receiver
	Identical to DL coverage
	DL coverage extends past UL coverage equally on both sides

	Multiple Rel. 15 receivers
	Identical to DL coverage
	DL coverage extends past UL coverage on one side


Table 2.2.4-1: UL and DL coverage comparison for UEs 
For this proposed DL CA enhancement to be useful, the UE must communicate to the network, its specific overlap characteristic of UL and DL coverage. The discussion above has allowed streamlining of various architecture possibilities into the following generalized overlap characteristics:
· common UL+DL coverage, DL-only band on one side of bidirectional coverage
· common UL+DL coverage, DL-only coverage on both sides of bidirectional coverage
· common UL+DL coverage, with no DL-only coverage
This streamlining above will potentially allow RAN4 to rise above the noise of specific implementation details, and form a basis for development of the DL CA BW enhancement feature.
Conclusion
A high-level study of practical UE implementation topologies to achieve enhanced DL CA BW revealed that they all share certain characteristics pertaining to UL and DL spectrum coverage. A rel. 16 UE’s enhanced DL CA capability can be classified by its UL CA and DL CA coverage overlap characteristics:
· common UL+DL coverage, DL-only band on one side of bidirectional coverage
· common UL+DL coverage, DL-only coverage on both sides of bidirectional coverage
· common UL+DL coverage, with no DL-only coverage
Based on near-term use case, we concluded:
Proposal 1: Rel. 16 UEs must be enabled to support 2400MHz frequency separation by including conditions that cover 2400MHz frequency separation in all dependent requirements in TS38.101-2.
Reference
[1] RP-190761,” NR RF requirements for FR2”, Nokia, Shenzhen, China, March 18-21, 2019



[bookmark: _GoBack]Appendix
The objectives in the WID [1] covering rel. 16 FR2 RF topics are included below. The item relevant to this contribution has been highlighted:
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