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1. Introduction

In RAN2#103, the discussion resolving the capability size increase from reporting SCS-BW-MIMO-MCS in featureSets, based on R2-1811679 (CR from R2-1811680) did not reach a conclusion. This email discussion to progress and conclude on this topic. 

[103#25][NR] SCS and BW in FeatureSetPerCC (Intel)


Intended outcome: Agreed draft CR


Deadline:  Thursday 2018-08-30

2. Discussion
2.1 Signalling limitation in rel-15
It was agreed in RAN2 that for a FeatureSetPerBand, the UE is allowed to report upto 128 variations. As detailed in [1] [2], each entry of this is combined with the same entry from the other bands in that band combination, to derive the feature-set capability for the band combination, and so we can have upto 128 variations in the capabilities related to each band combination. 

As also explained in [1], the uplink and downlink aspects of each band are also linked with the IE FeatureSet, and so the allowed 128 entries include the variations in uplink and downlink such that even when one of the downlink or uplink is the same while the other changes, it would be considered as a separate entry.
If we do a short exercise on the number of entries (variations) we can come up with based on purely on the  SCS (for ease of understanding the BW/MIMO/MCS are assumed to be constant), we can start off by stating that the UE is expected to support two variations of SCS typically. For FR1 these would be 15kHz and 30 kHz, and for FR2: 60kHz and 120 kHz, 

Since the number of SCS is the same for both FR1 and FR2, we will continue our exercise assuming a BC with FR1 bands.

For a single band case (band B1), we would have ‘four’ variations as below:

	
	
	Variation 1
	Variation 2
	Variation 3
	Variation 4

	FeatureSetPerBand (for B1)
	FeatureSetDownlinkId (FSD)
	15 scs
	15 scs
	30 scs
	30 scs

	
	FeatureSetUplinkId(FSU)
	15 scs
	30 scs
	15 scs
	30 scs


To this If we add another band with uplink to start a band combination, with the same support of 15/30 scs for the second carrier, then the UE has to be able to report, for each of the above four variations, it can support any of the four variations of the scs from band 2.  This results in 4 x 4 = 16 entries being used up. 
If we then add a downlink only carrier to the band combination, assuming the standard support of 15/30 scs, the number of entries would add up to 16 x 2 = 32. Any further addition of a carrier could result in further increase and assuming the standard 15/30 scs support, we would reach the cap of 128 entries by 5CA.
It is worthy to note, that we have used the basic capabilities ( only support of 15/30 scs, and only uplink on 2 carriers, while the rest are downlink only) to derive the number of used-up entries, and hit the cap at 5CA.

If there are more uplink capable carriers, then the UE may not even be able to report 3CA or 4CA. 

Even for the bare-bones case of just one uplink, we hit the limit by 6CA.

Please note: this is assuming that the BW supported by the UE is the same across all CCs, the MIMO layers are the same etc.. and this is applied across uplink and downlink, i.e., the rest of the params are assumed to be the same for the UE across all the carriers.

In addition, for the EN-DC cases, we have assumed that all the parameters reported for the LTE part remain the same for 5CA or 6CA EN-DC BC the UE has reported, and this is not practical. Usually the higher the EN-DC carriers, the LTE capabilities are expected to change ( for eg., due to increasing processing capability of NR, some part of LTE ‘horse-power’ is taken out..). 

If we look at 38.101, RAN4 has defined upto 8CA for intra-band contiguous to be used for rel-15 for NR SA and NSA. And if the UE is to report the capabilities for a 8CA BC, it may run out of entries (esp when the BW configurations of the 8CCs vary and are to reported explicitly). The fact that EN-DC and NR SA BCs added by RAN4 are to be considered as release independent, would mean that more BCs (and even higher order BCs) can potentially be added and the rel-15 signaling should be able to provide the UE the capability to signal the support of these BCs.
In summary:

The current rel-15 way of signaling NR SA CA BC and EN-DC BC capabilities using FeatureSet IEs cannot provide the means for reporting higher order CA of 6CA or more for even typical UE implementations.

Q1: Do companies agree that the current rel-15 UE capability signaling cannot provide the means to report the capabilities of the UE for higher order NR SA CA BCs or EN-DC BCs? 
	Company
	Response
	Comments

	Intel
	Yes
	Unless the UE capability is severely restricted, with very limited variations, the current signaling cannot be used and so needs to be corrected.

	
	
	

	
	
	


2.2 Options to solve the signaling bottleneck
Assuming that the answer to Q1 is yes, to address the above issue, we have several paths to choose from as shown below.

The first decision to be made is whether we want to solve this by cleaning up the signaling in a non-backward compatible way or in a backward compatible manner.

Please note: the reason for the initially allotted 128 entries to be used up quickly was due to the fact that the UE has to explicitly signal each variation of SCS/BW (and the corresponding perCC entries) for each of the carriers. For either of backward compatible (BC) or non-backward compatible (NBC) methods, we also have to decide on whether we try to address the explicit signaling (which is the main reason for the size increase):  

· By either allowing some sort of implicit interpretation (and thereby reducing the need for the UE to report explicitly atleast for certain variations) 

· Or by leaving the explicit signaling as is, and rather increase the number of entries that can be reported. NOTE: this lays way for the UE to report large size for each of the BCs it supports, thereby increasing size.
Figure-1 captures this by presenting the paths that RAN2 can choose from.
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Figure 1: Multiple paths to choose in addressing the rel-15 limitation
Q2: Do companies want to address the problem by making change to the signaling in a backwards compatible way or non-backwards compatible way?
	Company
	BC
	NBC
	Comments

	Intel
	
	Yes
	We prefer to clean this up and start the framework in a extensible format that should allow the signaling requirements from RAN4 for atleast the next two years.

	
	
	
	

	
	
	
	

	
	
	
	


Q3: Irrespective of the whether BC or NBC is chosen, we also have to choose between whether the UE is allowed to continue signaling explicitly each of the variations or RAN2 can agree on some implicit capability assumptions (which can reduce the variations reported). What are the views of the companies?. 
	Company
	Implicit Interpretation
	Explicit signaling (as is currently)
	Comments

	Intel
	Yes
	
	If RAN2 agrees with no changes to explicit signaling, we are ok with this as well, but are concerned with the increased sizes that we are trying to avoid in the first place!!
Also, we would have to decide on the number that should replace 128. In the examples we have provided above, we did not consider 60kHz scs support, but if we did, then just for 2CA, we would have used up 81 entries!!!! Since the number we choose should allow all types of UEs (high capability UEs) to be able to use the signaling framework, the plausible number seem to tend towards 65k!!! This may not be way to go?

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


2.3 Some possible ways to solve 
In this section, we would like to provide some proposals for each of the paths, which can also be used by the companies in deciding the path they prefer.

Path 0: No change expected. But we firmly believe that the problem exists and need to solve it. so we like to propose a method that could result in no ASN.1 change:  The UE is allowed to repeat the same BCs again, where each repetition of the BC allows the UE to use the additional 128 entries the BC can provide, and the NW should parse through all the repetitions of the same BC, to derive the capabilities related to that BC.

Since this is going to use up more capability size for one BC, we think this would be useful if RAN2 agrees that NW always provides some assistance information in capability request (by providing the interested bands/BW/SCS etc.. on the BCs the NW has deployed).

In essence, we would like to ‘mandate’ that the NW always requests BCs using the currently optional NW requested freq-band list, and also propose that NW provides the set of SCS it supported (although it may not be useful if NW supports all variations of SCS!)

Path 1: If we want backward compatibility, but implicit assumptions are allowed, one way to go about is to allow the NW to ignore the legacy IEs of the current Featureset (for eg., with ID 0) and add a non-ciritcal extension where the new ASN.1 framework can provide the means for UE providing the signaling that allows for some form implicit assumptions. We can discuss the implicit assumptions separately.
BandCombination ::= 



SEQUENCE {


bandList







SEQUENCE (SIZE (1..maxSimultaneousBands)) OF BandParameters,


featureSetCombination



FeatureSetCombinationId,  -- the UE sets this ID to 0 if featuresetCombination-r15 is to be used.

ca-ParametersEUTRA




CA-ParametersEUTRA




OPTIONAL,


ca-ParametersNR





CA-ParametersNR





OPTIONAL,


mrdc-Parameters





MRDC-Parameters





OPTIONAL,


supportedBandwidthCombinationSet

BIT STRING (SIZE (1..32))


OPTIONAL

}

BandCombination-v15xy ::= 



SEQUENCE {


featureSetCombination-r15



FeatureSetCombinationId-r15,   
}
-- FeatureSetCombination-r15 can take implicit assumptions like listed in R2-1811679
Path 2:  If backward compatibility is needed and explicit signaling of each variation is also needed, then the proposed change should be able to handle the higher number of variants the UE should be able to report. We can increase add non-critical extensions (FeatureSet-v15xy) which would carry additional higher number (than 128) of entries that are provided as a list mapping in a one-2-one fashion the CA BCs reported in legacy rel-15 IEs. We do have to agree on this ‘higher number’ which should be able to allow high capability UEs to report large variations on higher order CA. We have considered 60kHz SCS in our calculation, but if we do, and consider higher order CA, the number should be much higher towards 65K!!!  
BandCombination ::= 



SEQUENCE {


bandList







SEQUENCE (SIZE (1..maxSimultaneousBands)) OF BandParameters,


featureSetCombination



FeatureSetCombinationId


ca-ParametersEUTRA




CA-ParametersEUTRA




OPTIONAL,


ca-ParametersNR





CA-ParametersNR





OPTIONAL,


mrdc-Parameters





MRDC-Parameters





OPTIONAL,


supportedBandwidthCombinationSet

BIT STRING (SIZE (1..32))


OPTIONAL

}

BandCombination-v15xy ::= 



SEQUENCE {


featureSetCombination-r15



FeatureSetCombinationId-r15,   
}
FeatureSetCombination-r15 ::=
SEQUENCE (SIZE (1..maxSimultaneousBands)) OF FeatureSetsPerBand-r15
FeatureSetsPerBand-r15 ::= 

SEQUENCE (SIZE (1..maxFeatureSetsPerBand-v15xy)) OF FeatureSet

maxFeatureSetsPerBand-v15xy



INTEGER ::= XXXX


-- (for NR) The number of feature sets associated with one band. 

Path 3: If NBC is preferred, and some sort of implicit interpretation is also allowed, then our paper [2] (R2-1911680) provides the framework. However, we are also open to discuss other ‘implicit assumption’ proposals.
Path 4: If NBC is preferred, but the companies prefer the current way of signaling, we can just increase the number of entries that are currently limited to ‘128’. We do have to agree on this ‘higher number’ which should be able to allow high capability UEs to report large variations on higher order CA. We have considered 60kHz SCS in our calculation, but if we do, and consider higher order CA, the number should be much higher towards 65K!!!
maxFeatureSetsPerBand



INTEGER ::= XXXX


-- (for NR) The number of feature sets associated with one band. 

Q4: Companies are requested to provide their view on the five paths and their views on the proposals based on these:
	Company
	Path 0
	Path 1
	Path 2
	Path 3
	Path 4
	Comments

	Intel
	See comments
	No
	No
	Yes
	ok
	We also ok with NBC changes, so proposal in path 4. We do not like path 1  or path 2, as the associated solutions are not clean. With path 0, we are going to up BC space for each BC. We think this path is ok, only if the NW can ‘always’ provide more information on the BCs it is interested in, including providing the SCS, if the NW does not support all SCS variations. Also for EN-DC the SCS request would require ASN.1 change!!

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


2.4 Other ways 
We would like to emphasize the fact that for NR CA in SA as well as in EN-DC, it is not mandatory for the UE to support the SCS which were mandatory for the NR non-CA cases (15/30 for FR1 and 60/120 for FR2). Even though there are a few other reasons, this reason alone would require that the UE explicitly report each of the SCS it supports for each CC in a BC or EN- DC combination. And so we feel that implicit assumption of the SCS is not a feasible way to go.

We welcome other means of solving these, if proposed by the companies (assuming that they agree that this needs to be solved).

Q5: Do companies see another way to solve the problem? 

	Company
	Proposals

	
	

	
	

	
	


3. Conclusion
To be filled…
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