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Discussion 
1      Introduction
There is an active email discussion #041 which started off from RAN2-101 on re-structuring the EN-DC UE capability signaling due to the recent LS from RAN1 on UE feature list. This papers analysis the current signaling structure, provides views on the impact from the proposals in the email discussion.
2       Analysis of the current signalling structure
Figure 1 shows an overview of the current signaling structure with BPC included, where all the details are removed for simplicity. Also in the interest of comparing with the proposals in the next section, the DL-perCC/UL-perCC are renamed to fsd/fsu to align.


[image: image1.emf]fsd1 fsu1

fsu2

BPC #1

fsd5 fsu5

fsu6

BPC #3

fsd3 fsu3

fsu4

BPC #2

band1 band2

BPC #1, BPC#3

fsd2

fsd4

fsd6

BC #1


Figure 1: Current signaling structure
With the current structure, the benefit of signaling size reduction comes from the implicit assumption that for the BC#1 which explicit links to the BPC#1 (and BPC#3), from the BPC#1 entry, the carrier in band1 can use the parameters from fsd1 or fsd2 (we use inly downlink parameters in the argument for simplicity), and similarly, the carrier in band2 in BC#1 can use parameters from fsd2 or fsd1.

Due to the implicit assumption, just one definition of BPC#1 is sufficient to signal the UE capabilities.
3      Analysis of the new enhancements proposals to the signalling structure

Per our understanding, the main problem that is being attempted to be solved using the new proposals is to efficiently signal the capabilities where the below implicit assumption is not allowed:

All permutations of the per-CC (DL/UL) parameter sets within a BPC entry are to be supported by the carriers in the bands of the linked EN-DC BC where the corresponding BW-class and MIMO-layers parameters match with the per-CC sets of the BPC entry.

Instead, some sort of explicit signaling is to be designed.

To solve this, there are more than one options where the explicit linkage between the carriers in bands in the EN-DC BC and the corresponding ‘FSD/U’ sets (functional sets in downlink – FSD, functional sets in uplink – FSU as suggested during RAN2 email discussion).
- Alternative 1: the explicit linkage is captured through a bitmap and the existing BPC.  One could start from a bitmap and the existing BPC framework, where the grouping of the FSD/U sets are done by the existing BPC, and additional information (denoted by short index 0 or 1 in the below figure) provides the explicit linkage between carriers in bands and the FSD/Us. In the below example, in BPC #1, only 0 (which corresponds to fsd1 in BPC#1) is supported for band 1 and only 1 (which corresponds to fsd2 in BPC#1) is supported for band 2. In BPC#2, only 0 (which corresponds to fsd 5 in BPC #3) is supported for band 1 and only 1 (which corresponds to fsd6 in BPC #3) is supported for band 2. 
- Alternative 2: Explicit linking of FSD/U from the carriers in band in BC
In the other extreme, the BPC is dissolved (the grouping of the FSD/Us is dissolved i.e. BPC structure is removed) and each carrier in a band in a EN-DC BC can explicitly link to the supported FSD/U and the grouping of the FSD/U is done by the EN-DC BC itself. In the below example in Figure 2(b), fsd1 and fsd5 are supported for band 1 and fsd2 and fsd6 are supported for band 2. 
Figure-2 (a) and (b) below shows the above statements in a pictorial way. 
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Figure 2: Example of alternative 1(a) and alternative 2(b)
It appears that both alternatives can resolve the concern on the permutation. The advantage of alternative 1 is to minimize the required changes on top of existing BPC structure. However, if alternative 2 can result higher signaling size reduction, more change would be still worthwhile. The signaling size difference would be dependent on the expected maximum number of feature set and the supported level of permutation. 
Proposal: RAN2 investigate more on the expected signaling overhead before any change is made for the existing BPC structure. 

4      Size calculations as a guide for the efficient signaling design
We have calculated the maximum sizes each of the signaling structures use assuming full signaling (i.e., all the optional elements are signaled) with the current ASN.1 specification, and below are the findings:
BandNR (RF Band structure which includes Type-1 params) : 24 bytes.
BasebandParametersPerCC-DL: 5 bytes (~FSD)
BasebandParametersPerCC-UL: 8 bytes (~FSU)
A BPC entry (excluding the per-CCDL and per-CCUL): <3 bytes
A EN-DC RF BC entry (excluding bands): 2 bytes ( 10 bits for each band present) 

For reference: Each BPC or bandCombination index size: 2 bytes. 

In the current design:

· All the NR RF bands the UE supports for EN-DC are reported separately along with the type-1 parameters associated with that bands.

· All the type-3 params are in the per-cc DL/UL in the BPC entries.

· All the EN-DC RF band combinations link to the BPC parameters for the relevant capabilities, while only MIMO and BW class (including RF separation class) are present in RF BCs.

Some observations:

Observation 1: The per-CC sets (or the FSD and FSU sets) sizes are not very big and are infact comparable to the index sizes which are the tools to use for further grouping/linking. To put it another way, the index size is 30% or more in comparison to the FSD/FSU sets they are intended to link.

Observation 2: Starting from Alt 2 way of signaling from figure-3 (where BPC is dissolved), the more levels of grouping we introduce, the more chances of increasing the size than the ones we started with ( this is after removing the additional size each indexing from the band that adds to the Alt2 way of signaling).

Observation 3: If we start with Alt1 way of signaling from figure-2, the benefits show up if the number of FSD/U(s) per each carriers in each band do not increase. Infact, this helps with Alt 2 way as well.

Observation 4: RAN2 can discuss on the possible approaches while also evaluating if we can reduce or limit the number of FSD/FSU(s) each carrier in band can have, as this seems to the prime candidate for complexity in signaling and size increase. 

5      Conclusion
Proposal: RAN2 investigate more on the expected signaling overhead before any change is made for the existing BPC structure. 

Observation 1: The per-CC sets (or the FSD and FSU sets) sizes are not very big and are infact comparable to the index sizes which are the tools to use for further grouping/linking. To put it another way, the index size is 30% or more in comparison to the FSD/FSU sets they are intended to link.

Observation 2: Starting from Alt 2 way of signaling from figure-3 (where BPC is dissolved), the more levels of grouping we introduce, the more chances of increasing the size than the ones we started with ( this is after removing the additional size each indexing from the band that adds to the Alt2 way of signaling).

Observation 3: If we start with Alt1 way of signaling from figure-2, the benefits show up if the number of FSD/U(s) per each carriers in each band do not increase. Infact, this helps with Alt 2 way as well.

Observation 4: RAN2 can discuss on the possible approaches while also evaluating if we can reduce or limit the number of FSD/FSU(s) each carrier in band can have, as this seems to the prime candidate for complexity in signaling and size increase. 
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