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1.	Introduction
RAN4 established that the DL CA BW enhancement feature for Rel-16 would be captured as a UE capability to support DL-only coverage spectrum [1]. ‘DL Coverage Spectrum’ here means the range of DL frequencies that can be populated with a DL CC in CA mode. RAN4 has also partially converged on signalling framework to support this feature [2]
In this contribution, we propose the parameter set for this feature. The proposal is based on a previous contribution [3].
2. 	Discussion
For Rel-16, the DL CA BW enhancement feature establishes two distinct types of UE DL spectrum capability [1]:
· Carried over from Rel-15: Bidirectional spectrum, where a UE can support a DLCC with the option of a same-frequency UL CC 
· New to Rel-16: DL-only spectrum where a UE can support a DLCC but cannot support a matching UL CC
These definitions are clarified with illustrations and other detail in [4]. RAN4 is also in agreement that the combined DL spectrum capability of the UE forms a single contiguous band [1]. With this background in mind, there are only two functional details needed to describe the enhanced UE’s capability [2] (also, see annex):
1. Whether the DL-only capability is contiguous and on one side of bidirectional spectrum or split and distributed on both sides
2. Size of a UE’s DL-only spectrum (or spectra, in case of split DL-only capability) 
2.1 	Split or contiguous DL-only spectrum
At the outset it useful to mention that UEs with independent R/T LOs are unlikely to have DL-only spectrum. Instead they are expected to have enhanced (wider) bidirectional spectrum. The discussion only focuses on UEs whose enhancement takes the form of non-zero DL-only spectrum, rather than wider bidirectional spectrum. 
Our architecture study [5] identifies that only certain UE architectures are characterized by split DL-only spectrum, as discussed in subsections below.
2.1.1	Split DL-only spectrum
2.1.1.1	Common LO UE with single enhanced receiver 
The general architecture is shown below in figure 2.1.1.1-1. The common LO architecture, along with the extra-wide receiver forces DL-only coverage to overhang on both sides of DL+ UL (bidirectional) coverage, thus creating a ‘split DL-only spectrum’.
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Figure 2.1.1.1-1: Split DL-only spectrum from single Rx archtiecture
The receiver in this type of UE is suboptimal for cost sensitive applications, however. In our view the probability of implementing this type of UE is low. 
2.1.1.2	Common LO UE with more than two receive chains
The general architecture is shown below in figure 2.1.1.2-1. The receiver chain that shares its LO with the transmit chain supports the UE’s bidirectional capability (LO2 in this case). Additional receivers may be arranged in frequency on either side of the recevier with the common LO. This architecture is capable of supporting a split DL-only spectrum. In the figure below, the split DL-only spectrum is supported by LO1 on the high edge of the bidirectional spectrum, and LO3…n on the low edge. Note that this type of UE can support contiguous DL-only spectrum also; in our example below, it could be achieved by setting LO1 to an appropriate frequency lower than LO3…n.
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Figure 2.1.1.2-1: DL-only spectrum can exist on both sides of bidrectional spectrum in UE with 3 or more Rx chains
It is not clear if the network can fully utilize the capability of this type of UE. The number of possible DL-only spectrum configurations ranges between 2(NRxchains-1) in the most general case, and NRxchains in the special case of equally wide Rx chains. There is no way for the UE to know a-priori, the optimal configuration of its DL-only spectrum for a given deployment. Consequently, the UE must rely on the network to configure its multiple Rx chains in real time. This requirement poses a significant real time workload on the network. Further, there is the complication of arranging the Rx chains with the right amount of overlap to provide continuous coverage for any channel size foreseen in that deployment.
Observation 1: It is not clear if the network benefits from a UE with split DL-only spectrum coverage
If there is no widespread demand from network vendors for support of split DL-only spectrum, it can be dropped. 
2.1.2	Contiguous DL-only spectrum
In [2] it was agreed that the width of the bidirectional spectrum would exceed the width of DL-only spectrum
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Under this constraint the UE with contiguous DL-only spectrum leaves no gaps in frequency in UL coverage. The entire combined DL spectrum (i.e. DL-only spectrum + bidirectional spectrum) can be supported with an ULCC by how the UE configures itself. Note that, as before, parameters like UL frequency separation class declaration or CA BW class declaration constrain UL CC placement.  
Observation 2: A UE with contiguous DL-only spectrum leaves no gaps in UL coverage.
2.2 	Maximum size of a UE’s DL-only spectrum
In a companion contribution [4] we proposed a general definition for DL-only spectrum, reproduced here for convenience.
Proposal 2: (Definition) ‘DL-only spectrum’ is the width of UE frequency spectrum available to the network to configure a DL CC but not an UL CC, in addition to and adjoining the DL spectrum capability declared via ‘DL frequency separation class’ signalling. 
DL-only spectrum size would be a UE capability, much like DL frequency separation, so we propose that DL-only spectrum size be also coded into classes. Table 2.2-1 shows this framework. 
	DL-only spectrum class
	DL-only spectrum size 
MHz

	I
	400

	II
	800

	III
	1000

	IV
	600

	V
	1200

	VI
	1400

	VII
	1600

	VIII
	1800

	IX
	2000


Table 2.2-1: Rel. 16 DL-only spectrum classes
In case of contigiuous DL-only spectrum, there would be just one DL-only spectrum class to declare, greatly simplifying signalling. For practical UEs with independent R/T LOs,  this discussion may be moot because their entire DL spectrum can by paired with uplink. (i.e they would not have to signal DL-only spectrum cpaability). For UEs with a common R/T LO, a minimum implementation is to use two parallel identical receivers, one of which will shoulder the responsibility of covering the bidirectional spectrum, and the other will provide the DL-only enhancement. Values in the table have been populated for this minimum UE implementation, and agreed DL frequency separation values in [8]. These values do not preclude UEs with more than 2 Rx chains. These UEs would have to declare a composite DL-only spectrum size based on the combined capability of its individual parallel Rx chains.
If RAN4 however decides to retain support for split DL-only coverage, the UE would have to declare the capability of each of its unpaired Rx chains and depend on the network to manage their relative frequency locations.
2.3 	Summary 
The signalling structure depends mainly on whether DL-only spectrum is restricted to a single contiguous spectrum, or if it can be split and distributed on either side of the bidirectional spectrum. Table 2.3-1 summarizes these differences and their ramifications.
	DL-only spectrum type
	Split 
	Contiguous

	Description 
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	Receive chain management
	Network must individually manage each chain of each UE because of configuration possibilities, and no a-priori knowledge of optimal configuration. Network must choose from 2(NRxchains-1)  possible Rx configurations for each UE 
	Network can remain isolated from UE implementation details. Receive chain management can be completely UE resident and autonomous


	Signalling requirements
	(per band):
· Number of Rx chains
· DL-only frequency separation class declaration for each chain
	(per band):
· Single DL-only frequency separation class declaration
(the single declaration could be a composite from multiple Rx parallel helper chains)

	Reference in [2]
	Signalling alternative 2
	Signalling alternative 1



Table 2.3-1: Summary of comparison between split DL-only spectrum and contiguous Dl-only spectrum
UE receiver chain management remains a critical problem in case split DL-only spectrum is supported by the network. We also see that contiguous DL-only spectrum is enough to cover foreseen deployment scenarios (observation 2)
Proposal 1: DL-only spectrum shall be restricted to a single contiguous spectrum.
Note that this proposal does not preclude more complex UE implementations. It merely restricts how the parallel Rx ‘helper’ chains can be deployed in case of an enhanced Rel-16 UE that shares an LO across an Rx and Tx chain pair. It does not restrict UEs with independent LOs whose UL can be tuned to cover any DL frequency (some constraints apply as discussed before). The general definition of DL-only spectrum can now further be refined to:
Proposal 2: (Definition) ‘DL-only spectrum’ is the width of contiguous UE frequency spectrum available to the network to configure a DL CC but not an UL CC, in addition to and adjoining the DL spectrum capability declared via ‘DL frequency separation class’ signalling. 
2.4 	LS to RAN2
Since the enhancement feature requires a new parameter that the UE may have to declare, completion of this feature requires coordination with RAN2, at a minimum. Table 2.2-1 can form the body of the LS to RAN2
Proposal 3: Send LS to RAN2 to inform them of definition of new per-band capability parameter ‘DL-only Spectrum Class’ describing the UE’s enhanced DL intra-band CA BW.                          
A draft LS is included in [6]
2.5 	Visualizing impact to specification
This feature impacts other RF requirements that reference DL spectrum size in Rel-15.  CA MPR is one example and is treated separately [7]. The other impacted requirement is CA Refsens (section 7.3A in the standard) and CA max. input power (7.4A). These impact on these RF core requirements need further investigation. Finally, we noticed that the symbol DRIB is defined for inter-band EIS relaxations but is used for intra-band relaxation. For continuity with previous technologies, we proposed releasing DRIB from intra-band usage. 
We have constructed a dCR [9] to capture the framework of the feature discussed in this contribution. RF core requirements will be addressed in future contributions.
3.	Conclusion
The signalling structure to support DL CA BW enhancement for Rel-16 UEs depends mainly on whether DL-only spectrum is restricted to a single contiguous spectrum, or if it can be split and distributed on either side of the bidirectional spectrum. We compared the two possibilities and proposed:
Proposal 1: DL-only spectrum shall be restricted to a single contiguous spectrum.
Where DL-only spectrum is defined as:
Proposal 2: (Definition) ‘DL-only spectrum’ is the width of contiguous UE frequency spectrum available to the network to configure a DL CC but not an UL CC, in addition to and adjoining the DL spectrum capability declared via ‘DL frequency separation class’ signalling. 
The enhancement feature requires coordination with RAN2. 
Proposal 3: Send LS to RAN2 to inform them of definition of new per-band capability parameter ‘DL-only Spectrum Class’ describing the UE’s enhanced DL intra-band CA BW.                          
A draft LS is included in [6]
We have constructed a dCR [9] to capture the framework of the feature discussed in this contribution.
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5.	Annex – Contents of WF [2]
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Way forward on signaling aspects

* For Rel-16, extend the frequency separation class definition to include the following
values for frequency separation ‘Fs’: {800, 1000, 1200, 1400, 1600, 1800, 2000, 2200, 2400}
MHz

* Fsvalues > 1400 MHz apply to downlink frequency separation only

* The signaling for DL-only frequency spectrum can be defined as below:

* Altl: Introduce a new DL-only frequency separation class, ‘Fsd’, such that:
* A UE which has no restriction on the placement of UL coverage spectrum within the DL coverage spectrum does not signal this
parameter
* AUE Iwhicdh needs to restrict the placement of UL coverage spectrum within the DL coverage spectrum signals Fs al
signals Fsd_
* The following values for Fsd shall be used: {200, 400, 600, 800, 1000} MHz

* Alt2: Per RF chain reporting of Fs
* The spectrum covered by the DL-only frequency separation shall be located relative to
bidirectional spectrum(*) in one of two configurations:
* Extends on one side
+ Extends equally on both sides, half on each side

* FFSif both-sided DL-only spectrum can be dropped for rel-16.
* Single bit can be used to indicate configuration if both possibilities retained

* Total DL frequency Fs+Fsd <= 2400 MHz, where Fs >= Fsd
(*) Bidirectional spectrum is spectrum covered by DL frequency separation
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