14

[bookmark: historyclause]3GPP TSG-RAN4 Meeting #94-e		R4-2000013
Online, 24 February – 6 March, 2020	

Agenda item:	8.14.1.4
Source:	Apple Inc.
Title:	Remaining issues with the FR2 frequency separation class
WI/SI:	NR_RF_FR2_req_enh
Release:	Rel-16
Document for:	Approval

1	Introduction 
The scope of the FR2 RF work item includes an objective to define FR2 DL intra-band non-contiguous carrier aggregation requirements [1].  The following agreements were made during the RAN4 #92bis meeting [2]:
	WF
-	All DL CCs in the CA configuration shall have the same AoA at the UE
-	The UE’s DL coverage spectrum capability shall be contiguous (no gaps)
-	DL CCs can be non-contiguous however
-	UE’s UL coverage spectrum capability <= UE’s DL coverage spectrum capability, per TS38.101-2, v15.7
-	Operators are encouraged to clarify this restriction for rel-16
-	Rel-16 enhancement feature is definition of UE capability to support DL-only coverage spectrum for the case that the overall DL coverage is wider than 1400 MHz
-	Enhancement is in addition to common UL+DL coverage spectrum of UE carried over from rel-15
-	Rel-15 CA signaling framework shall be retained for Rel-16
-	Additional signaling for enhancement feature description to network is FFS
-	RAN4 will introduce at least one new frequency separation class of 2400 MHz
-	‘Coverage Spectrum’ here means the range of UL or DL frequencies that can be populated with an UL or DL CC in CA mode



The following agreements were made during the RAN4 #93 meeting [3]:
	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
-	Fs values > 1400 MHz apply to downlink frequency separation only
-	The signaling for DL-only frequency spectrum can be defined as below:
-	Alt1: 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
-	A UE which needs to restrict the placement of UL coverage spectrum within the DL coverage spectrum signals Fs and also 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
-	FFS if 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



Furthermore, the CR implementing the enhancement of the frequency separation class definition was technically endorsed in [4].
This contribution provides our views related to the remaining issues associated with frequency separation class for FR2 intra-band non-contiguous carrier aggregation.
2	Discussion
In our understanding, the UE can convey sufficient information about its RF CA capabilities to the network by signaling the following three aspects:
-	Support for specific band combinations
-	The frequency separation class
-	A restriction on the allocation of DL carriers relative to the UL carriers (Fsd from the agreed way forward)
Based on this information, the network can configure the UE with CCs from the set of UE supported combinations and according to the applicable restrictions.  We can envision two potential allocation cases, as shown in Figure 1 below.
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Figure 1: Illustration of potential application of frequency separation class signaling

If the UE signals UL Fs and DL Fs (here we assume that DL Fs ≥ 1400 MHz and is an enhancement over Rel-15 UE capability), then the network should only be contrained by two factors:  the frequency separation class for UL and DL and that the UL coverage spectrum is contained within the DL coverage spectrum (as was agreed in [2]).  This scenario, illustrated by Case 1 in Figure 1 above, represents the most advanced frequency separation class enhancement in Rel-16, in our understanding.
Some UE implementations may seek to reduce the RF architecture complexity by sharing the LO between UL and DL, as was shown in [5].  These UEs need to further restrict the allocation of DL carriers such that the UL coverage spectrum is centered within the DL coverage spectrum.  This is illustrated with Case 2 in Figure 1 above.  In our understanding, such UEs rely on the Fsd signaling to indicate the additional restriction to the network.
Furhermore, other UE architectures may implement a one-sided extension of the biderection coverage spectrum for DL only, as shown in Case 3.  Thus, in addition to the Fsd parameter an additional bit may be needed to differentiate the Case 2 and Case 3 scenarios.
In our understanding, the most important cases for Rel-16 are well captured with Case 1 and Case 2:  this formulation allows UE implementations to select whether to optimize scheduling flexibility or hardware complexity. 
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Regarding Case 3, there may be little practical difference, in terms of network scheduler behavior, with Case 2 behavior.  UEs which indicate a restriction on CC allocation within the extended DL frequency separation are expected to be handled similarly by the scheduler, while UEs which indicate no restriction may be handled differently (if the scheduler implementation derives a benefit).  Thus, the motivation for introducing two classes of resticted capability UEs may not be very strong.
[bookmark: _Toc32332253][bookmark: _Toc32332834]Proposal 2:	RAN4 should discuss whether an additional restriction on CC allocation according to Case 3 is needed.
[bookmark: _GoBack]The CR on the enhancement of the Frequency Separation Class was technically endorsed during the RAN4 #93 meeting in [4].  This CR is submitted for agreement during this meeting in [6].  This CR, however, only implements the extension of Fs and thereby introduces just Case 1 behavior to the specification.  Because the Way Forward approved during RAN4 #93 [3] contains open issues related to the additional allocation restrictions, it may be helpful to further revise the CR in [6] based on RAN4 progress with the open issues.
[bookmark: _Toc32332835]Proposal 3:	Assuming RAN4 can finalize the open issues related to the signaling aspects for DL-only frequency spectrum, a CR is needed to merge the technically endorsed content from RAN4 #93 with the additional agreements.

3	Conclusions
This contribution has provided our views on the topic of FR2 frequency separation class and has made the following and proposal:
Proposal 1:	RAN4 to introduce Fsd according to Alt 1 in the WF from RAN4 #93, such that the spectrum covered by the DL-only frequency separation shall be extended equally on both sides (half on each side) relative to bidirectional spectrum.
Proposal 2:	RAN4 should discuss whether an additional restriction on CC allocation according to Case 3 is needed.
Proposal 3:	Assuming RAN4 can finalize the open issues related to the signaling aspects for DL-only frequency spectrum, a CR is needed to merge the technically endorsed content from RAN4 #93 with the additional agreements.
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