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1	Introduction
RAN2 received an LS from RAN4 in R2-2006174 after the previous RAN2 meeting on "Frequency separation class for DL-only spectrum for FR2".
In this document we discuss what the UE is supposed to indicate with this new signalling and who the gNB is meant to interpret and use those additional capabilities.
And we provide text proposals for how to implement this in RAN2 specifications.
[bookmark: _Ref178064866]2	Discussion
2.1	Current specifications
By the fields FeatureSetDownlink-> intraBandFreqSeparationDL and FeatureSetUplink-> intraBandFreqSeparationUL a UE that supports non-contiguous intra-band carrier aggregation in FR2 indicates the maximum frequency separation between the lower edge of the lowest carrier and the upper edge of the highest carrier within an FR2 band.  A UE may indicate different values for UL and DL. 
Below are the possible values for the frequency separation:
Table 1: Frequency separation classes for non-contiguous intra-band operation
	Frequency separation class
	Max. allowed Frequency separation (Fs) 

	I
	800 MHz

	II
	1200 MHz

	III
	1400 MHz


A UE indicating value 1200 MHz for DL and 800 MHz for UL carrier can get configured by the gNB for example like this:
<=========== DL: 1200 ===========>
<======= UL: 800 =======>
|-D-||-D-|             |-D-|
|-U-||-U-|
…or like this:
<=========== DL: 1200 ===========>
         <======= UL: 800 =======>
|-D-|                  |-D-||-D-|
                       |-U-||-U-|
…or like this: 
<============ DL: 1200 ============>
     <======= UL: 800 =======>
|-D-|         |-D-| |-D-|      |-D-|
              |-U-| |-U-|

[bookmark: _Toc47614348]The above example configurations are possible based on current specifications.
2.3	Extending the range of DL frequency separation
One aspect of the RAN4 LS is to extend the range of the DL frequency separation by including the additional yellow highlighted values:
	Frequency separation class
	Max. allowed Frequency separation (Fs) 

	I
	800 MHz

	II
	1200 MHz

	III
	1400 MHz

	IV
	1000 MHz

	V
	1600 MHz

	VI
	1800 MHz

	VII
	2000 MHz

	VIII
	2200 MHz

	IX
	2400 MHz

	NOTE 1: Fs values larger than 1400 MHz apply only to downlink frequency separation.



In the current signalling there is an ellipsis for the IE used for these fields:
	[bookmark: _Toc20426168][bookmark: _Toc29321565][bookmark: _Toc36219748][bookmark: _Toc36220424][bookmark: _Toc36513844]–	FreqSeparationClass
The IE FreqSeparationClass is used for an intra-band non-contiguous CA band combination to indicate frequency separation between lower edge of lowest CC and upper edge of highest CC in a frequency band.
FreqSeparationClass information element
-- ASN1START
-- TAG-FREQSEPARATIONCLASS-START

FreqSeparationClass ::= ENUMERATED {c1, c2, c3, ...}

-- TAG-FREQSEPARATIONCLASS-STOP
-- ASN1STOP




This at least makes it look like we can extend this field by simply adding new c-values after the ellipsis. However, this is not possible from a backwards compatibility point of view. A legacy gNB would not comprehend which frequency separation a UE supports that indicates any of the new values (beyond c1, c2 and c3). It would hence have to refrain from configuring intra-band non-contiguous CA for this UE. Hence, all UEs must signal at least one of the legacy values (c1, c2 and c3) in the legacy field intraBandFreqSeparationDL.
[bookmark: _Toc47614353]All UEs (old and new) shall signal at least one of c1, c2 and c3 in the legacy field intraBandFreqSeparationDL.
A UE shall from now on be allowed to signal one of the yellow highlighted values. Since the UE must set the legacy field to c1, c2 or c3, RAN2 needs to add a new field wherein the UE can signal the new values (1000, 1600, 1800, …, 2400 MHz).
[bookmark: _Toc47614354]A new field is added which can be set to 1000, 1600, 1800, …, 2400 MHz.
Since we from now on will have two fields for indicating the same thing, we need some rule for how the UE handles these two different fields. The new field can be seen as the actually supported frequency separation of the UE, the legacy field however must be set to something and that should be the nearest lower value. For example, a UE indicating 1000 MHz in the new field shall set the legacy field to 800 MHz.
[bookmark: _Toc47614355]A UE shall set the legacy field to the nearest lower value compared to the value of the new field (e.g. if the UE sets the new field is 1000 MHz, the UE sets the legacy field to 800 MHz).
2.4	DL only spectrum
Another aspect of the RAN4 LS is to allow the UE to support what the LS refers to as "DL only spectrum". 
While not crystal clear from the LS, the intention is to allow a UE to "serve" one part of the spectrum with only a receiver (i.e. not a transceiver) meaning that the NW may configure only DL-SCells in this part in the spectrum. This relates to a limitation of the RF-architecture in the UE and not actually the spectrum itself. So the term "DL only spectrum" is somewhat misleading.
[bookmark: _Toc47614349]In the context of this LS the term ”DL only spectrum” refers to the capability of a UE operating only downlink serving cells in a part of the spectrum within a band (but UL+DL serving cells in another part of the spectrum).
[bookmark: _Toc47614350]The limitation is not in the spectrum itself, but rather in RF-architecture of the UE.
The LS says that the DL only spectrum extends the bidirectional spectrum in a contiguous manner either below or above the bidirectional spectrum. Hence, the following is not possible since there is "DL only spectrum" both above and below the bidirectional spectrum:
<=DL-only=><======= DL: 1400 ======><=DL-only=>
           <======= UL: 1400 ======>
|-D-|         |-D-||-D-||-D-|           |-D-|
              |-U-||-U-|

While the extension must be contiguous to the rest of the UE's spectrum, the LS does not seem to require that the DL serving cells in the "DL only spectrum" must be contiguous to serving cells in the "bidirectional spectrum". Hence, we consider all of the following configurations valid:
Downlink serving cells in legacy and new spectrum range non-contiguous:
<== DL-only ==><======= DL: 1400 =======>
               <======= UL: 1400 =======>
|-D-|                    |-D-||-D-||-D-|
                         |-U-||-U-|

Downlink serving cells in legacy and new spectrum range contiguous:
<== DL-only ==><======= DL: 1400 =======>
               <======= UL: 1400 =======>
          |-D-||-D-||-D-||-D-||-D-||-D-|
                    |-U-||-U-|

Downlink serving cell spanning across the legacy and new spectrum range:
<== DL-only ==><======= DL: 1400 =======>
               <======= UL: 1400 =======>
            |-D-||-D-|         |-D-||-D-|
                               |-U-||-U-|

Further, the LS does not limit the number of non-contiguous blocks of serving cells. We therefore assume that there can be multiple non-contiguous blocks of DL carriers in the DL only spectrum, similar to how there can be multiple non-contiguous blocks of carriers in the "bidirectional spectrum". Hence, we think that the following is a valid configuration:
<== DL-only ==><======= DL: 1400 =======>
               <======= UL: 1400 =======>
|-D-|   |-D-|           |-D-||-D-||-D-|
                        |-U-||-U-|

[bookmark: _Toc47614351]The "DL only spectrum" is adjacent to the "bidirectional spectrum", hence it extends frequency region in which the UE supports DL carriers.
[bookmark: _Toc47614352]There can be one or more carriers in the "DL only spectrum". These one or more carriers does not need to be contiguous to either each other or to carriers in the "bidirectional spectrum".
2.5	The value names for the frequency separation
The current names for the codepoints for the frequency separation field is given in numbers (c1, c2, c3, …). From the ASN.1 one cannot understand what a particular value means, e.g. you will not understand that c3 stands for 1400 MHz unless you go to the RAN4 specification and look up the mapping.
To have the non-descriptive ASN.1 names for these field values might have made sense if one would later want to remap the values, e.g. that c3 in future scenario would instead be mapped to, say, 1600 MHz. However, such remapping would not be backwards compatible and hence can never be done.
To simplify the specifications, we could change the name for the field values to instead describe the actual value, i.e. instead of 'c3' we could write 'mhz1400'. One can then directly see from the field name in the ASN.1 what actual value this represents. Such naming also avoids an unintentional non-backwards compatible change which happens more easily when the mapping is captured only in a RAN4 table. Such change would not change the actual encoding of the ASN.1 and would hence be backwards compatible and help making the specification simpler.
[bookmark: _Toc47614356]Change the field names from 'c1' to 'mhz800', 'c2' to 'mhz1200', 'c3' to 'mhz1400', and so on. 

To summarize all of the above, we propose the following field description (line breaks are added for readability):
	intraBandFreqSeparationDL-Only-r16
If present, the field extends the maximum frequency separation between the lower edge of lowest CC and the upper edge of highest CC in a frequency band that the UE supports according to intraBandFreqSeparationDL.
The frequency range extension is either above or below the frequency range indicated by intraBandFreqSeparationDL and extends it in contigous manner with no frequency gap, and the network may configure contiguous or non-contiguous downlink serving cells in that extended range.
The UE sets the same value in the FeatureSetDownlink of each band entry within a band.
The values mhzX correspond to the values XMHz defined in TS38.101-2 [3].
The sum of intraBandFreqSeparationDL and intraBandFreqSeparationDL-Only shall not exceed 2400 MHz.
If the UE sets this field, the sum of intraBandFreqSeparationDL and intraBandFreqSeparationDL-Only shall be larger than 1400 MHz.



[bookmark: _Toc47614357]Add a new field named intraBandFreqSeparation-DLOnly-r16 with the above field description.

3	Conclusion
In the previous sections we made the following observations: 
Observation 1	The above example configurations are possible based on current specifications.
Observation 2	In the context of this LS the term ”DL only spectrum” refers to the capability of a UE operating only downlink serving cells in a part of the spectrum within a band (but UL+DL serving cells in another part of the spectrum).
Observation 3	The limitation is not in the spectrum itself, but rather in RF-architecture of the UE.
Observation 4	The "DL only spectrum" is adjacent to the "bidirectional spectrum", hence it extends frequency region in which the UE supports DL carriers.
Observation 5	There can be one or more carriers in the "DL only spectrum". These one or more carriers does not need to be contiguous to either each other or to carriers in the "bidirectional spectrum".

Based on the discussion in the previous sections we propose the following:
Proposal 1	All UEs (old and new) shall signal at least one of c1, c2 and c3 in the legacy field intraBandFreqSeparationDL.
Proposal 2	A new field is added which can be set to 1000, 1600, 1800, …, 2400 MHz.
Proposal 3	A UE shall set the legacy field to the nearest lower value compared to the value of the new field (e.g. if the UE sets the new field is 1000 MHz, the UE sets the legacy field to 800 MHz).
Proposal 4	Change the field names from 'c1' to 'mhz800', 'c2' to 'mhz1200', 'c3' to 'mhz1400', and so on.
[bookmark: _GoBack]Proposal 5	Add a new field named intraBandFreqSeparation-DLOnly-r16 with the above field description.
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