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Introduction
RAN2 has agreed on the signalling structure for UE capability in NR, where the UE reports the supported numerology as well as the maximum BW it supports using that numerology (along with other parameters) for each component carrier in the BCs the UE supports. This paper points out the problem with the current signalling and proposes some solutions (including the text proposal for the preferred change).
Discussion
After Montreal NR-AdHoc, RAN2 has also concluded that while many parameters can have fallback interpretations regarding the capability of the support, numerology signalled can be used for the fallback interpretation [1].  
Couple of noteworthy points:
· Even though the UE is expected to support certain mandatory SCS (15,30 for FR1) and 60/120 for FR2, the UE can potentially also support optional SCS (60 for FR1 for eg) and the UE has to be able to report the support of this for each of the supported component carriers.
· Even though the UE is expected to support all the RAN4 decided BWs for both F1 and FR2 as mandatory for rel-15, this is for non-CA cases in NR. For CA for rel-15, the UE is not expected to support all the specified BWs, and also for the sake of IOT tested configuration information, RAN has already agreed to have the supported BW be explicitly signalled. 
So for each of the component carrier, the UE has to explicitly report the set of SCS(s) it supported along with the associated bandwidth for each of the signalled supported SCS. And only the signalled bandwidth is subject to fallback interpretations.
Observation 1: For each component carrier, the signalling of the supported SCS as well as the supported BW is mandatory for the UE, as part of the capability signalling (as reflected accurately in the current signalling ASN.1)
Signalling overload
Let’s assume that a typical UE support the mandatory FR1 required SCS of 15, 30 kHz and also the optional 60 kHz (for DL only), and that the BW/SCS configuration from table-1 is supported by the UE. The highlighted (in yellow) show this for a single CC (even when this CC/band is part of a BC with other bands)
Even if the UE supports the same table for every FR1 band (which is also a typical configuration as the SCS/BW tend to belong to the baseband area, where the SCS/BW pair dictate the baseband FFT size), we run into the signalling overload problem as explained below. 


	FeatureSetDownlinkID
	FeatureSetDownlinkPerCCID
	DL
	other params

	
	
	CC1
	

	
	
	SCS
	BW
	

	1
	10
	15
	80
	 
	 

	2
	20
	30
	80
	 
	 

	3
	30
	60
	100
	 
	 



	FeatureSetUplinkID
	FeatureSetUplinkPerCCID
	UL
	other params

	
	
	CC1
	

	
	
	SCS
	BW
	

	11
	31
	15
	80
	 
	 

	22
	32
	30
	80
	 
	 



Table-1: FeatureSetDowlink and FeatureSetUplink definitions
Our current signalling structure for capability is such that, for a particular band combination, all the FeatureSetDowlink and FeatureSetUplink pairs of a particular Featureset are combined vertically (as shown in figure 1 as ‘BC parameter set1/set2/set3 as shown in Figure-1) where the FeatureSets at the same position in the FeatureSetsPerBand form the supported configuration for a particular BC. 
[image: cid:image001.png@01D427EA.298D65B0]
Figure 1: Rough Interpretation of the current BC capability signalling using FeatureSet*
But within each FeatureSetDownlink(and Uplink), each FeatureSetDownlink(Uplink)PerCC (for one carrier) can provide only one supported SCS/BW as part of FeatureSetDonwlink(Uplink)PerCC-ID.
This means for our example UE, it has to create more than one FeatureSetDownlink(Uplink) IDs to carry the different SCS/BW pairs. While this might be ok, as we have a pool of FeatureSetDownlink(Uplink)PerCC that can be defined and linked to separate FeatureSetDownlink(Uplink) IDs, but the problems comes up with the association rule RAN2 has agreed in Busan ( BC parameter set from the picture). 
This means the UE has to repeat the configuration of (each SCS/BW pair) for each CC in a band, otherwise, the ones that are not reported from the permutated set are considered to be not supported by the UE!!
To explain with our example UE:
Each entry of FeatureSet(PerBand) from the above picture can only take a pair of FeatureSetDownlinkID and FeatureSetUplinkID (FSD-1/FSU-1).
So this mean that even for only single CC cases (highlighted as yellow in the above table), we would need to make ‘6’ FeatureSets as in table 2.
	
	
	BC param set
	BC param set
	BC param set
	BC param set
	BC param set
	BC param set

	FeatureSetPerBand (for B1)
	FeatureSetDownlinkId (FSD)
	1
	2
	3
	1
	2
	3

	
	FeatureSetUplinkId(FSU)
	11
	11
	11
	22
	22
	22


Table-2: FeatureSetPerBand definitions

This is just for one band and one CC (no CA). If the UE skipped reporting {3,22} as highlighted above, it would be implied that our example UE does not support DL 60SCS with UL 30SCS with their corresponding BWs.
If we are to make a 2-band CA, the each of the above ‘6’ entries are to be defined for each of the potential permutations from the second-band, making additional 6C2 combinations as table 3 shows.
	
	
	BC param set
	BC param set
	BC param set
	BC param set
	BC param set
	BC param set
	BC param set
	BC param set
	BC param set
	BC param set
	BC param set
	BC param set

	FeatureSetPerBand (for B1)
	FeatureSetDownlinkId (FSD)
	1
	2
	3
	1
	2
	3
	1
	1
	1
	1
	1
	2

	
	FeatureSetUplinkId(FSU)
	11
	11
	11
	22
	22
	22
	11
	11
	11
	11
	11
	11

	FeatureSetPerBand (for B2)
	FeatureSetDownlinkId (FSD)
	1
	2
	3
	1
	2
	3
	2
	3
	1
	2
	3
	Repeat for 2,11

	
	FeatureSetUplinkId(FSU)
	11
	11
	11
	22
	22
	22
	11
	11
	22
	22
	22
	


Table-3: FeatureSetPerBand definitions for 2CA

 This is needed, as the combination of parameters that apply to the 2-band CA are viewed vertically as shown above in the picture as ‘BC parameter set’ and the UE has to report all of them combinations lest the skipped ones are considered as not supported.
If the UL also supports 60kHz SCS, then the permutations increase by almost twice. With a single 4CA or 5CA NR BC we would have run out of the available 128 entries!!
Observation 2: Due to explicit signalling of SCS/BW for each of the CC in band in a band combination, and due to the agreement that the FeatureSets at the same position in the FeatureSetsPerBand form the supported configuration for a particular BC, the UE has to report all the permutations of different SCS/BW pairs (that the UE supports) explicitly. We quickly run out of the available 128 slots before a single higher order CA can be reported. 
Preferred solution
We could increase the number from 128 to a higher number (as non-backward compatible change).
However, we feel there is a potential to reduce the capability size (for a majority of the UEs) if we bundle up all the SCS/BW pairs the UE supports for a carrier, essentially the set of FeatureSetDownlink(Uplink)PerCC IDs and group them into one set (with an ID) and have the FeatureSet refer to the pair of such IDs (one for UL and one for DL). 
It is natural to assume that all the configuration of downlink SCS/BW pairs provided by FeatureSetDownlinkPerCC IDs are supported for each of the uplink SCS/BW pairs provided by FeatureSetUplinkPerCC IDs, as the UL and DL processing is usually separate for the UE. Even in cases where there is dependency, the UE can create a separate set of SCS/BW pairs provided by FeatureSetDownlink(Uplink)PerCC IDs and link then according to its capability.
With this, the UE is expected to support all the permutated configurations that result from combination of FeatureSets from different bands that arise from a band combination.
Proposal 1: For a particular component carrier, group the supported SCS/BW pairs (which are provided with FeatureSetDownlik(Uplink)PerCC) into a set and link the FeatureSetDownlink(Uplink) to such uplink and downlink sets, instead of linking to FeatureSetDownlik(Uplink)PerCC. 
It is implied that if the UE links a particular FeatureSetDownlink(Uplink) to a set of FeatureSetDownlik(Uplink)PerCC, the UE is expected to support any of the configurations with in that set. But if the UE provides more than one CC in a band with each CC linking to one set, or if the UE provides more than one band where each CC with in that band links to a set, then our proposal is that the UE should support all the possible combination of FeatureSetDownlik(Uplink)PerCC configurations that arise by combining the sets the UE has linked. Infact, this is the underlying assumption that the proposed optimization uses to bring down the UE capability reporting size.
If the UE is not capable of supporting the configurations resulting from all permutations, the UE still has the option to ‘define/narrow’ the sets such that, the resulting permutations fall into the UE supported configurations. 
Proposal 2: If the UE refers to a particular set of SCS/BW pairs resulting from multiple carriers (either in the same or different band), then the UE should support any combination of these that can be derived by combining the SCS/BW pairs, which are the FeatureSetDownlink(Uplink)PerCC sets.
Backward compatibility 
[bookmark: _GoBack]This is a non-backwards-compatible solution!! But we have defined the new set of tables as an extension to the FeatureSet IE, so that the way UE reports (whether with the new signalling or the legacy way) could be determined by the NW UE capability request for NR SA. Similar setup can be done for EN-DC as well. The draft CR[2] provided is using the above format.

Conclusion and Text Proposal

Observation 1: For each component carrier, the signalling of the supported SCS as well as the supported BW is mandatory for the UE, as part of the capability signalling (as reflected accurately in the current signalling ASN.1)
Observation 2: Due to explicit signalling of SCS/BW for each of the CC in band in a band combination, and due to the agreement that the FeatureSets at the same position in the FeatureSetsPerBand form the supported configuration for a particular BC, the UE has to report all the permutations of different SCS/BW pairs (that the UE supports) explicitly. We quickly run out of the available 128 slots before a single higher order CA can be reported. 
Proposal 1: For a particular component carrier, group the supported SCS/BW pairs (which are provided with FeatureSetDownlik(Uplink)PerCC) into a set and link the FeatureSetDownlink(Uplink) to such uplink and downlink sets, instead of linking to FeatureSetDownlik(Uplink)PerCC. 
Proposal 2: If the UE refers to a particular set of SCS/BW pairs resulting from multiple carriers (either in the same or different band), then the UE should support any combination of these that can be derived by combining the SCS/BW pairs, which are the FeatureSetDownlink(Uplink)PerCC sets.
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