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1. Introduction

Following the presentation of R2-1803749, RAN2 asked for signalling details. Qualcomm provided the proposed signalling changes in R2-1804083.  Since it was deemed that we didn’t have time to discuss all the proposals thoroughly, only the following agreements were made in RAN2#101:

R2-1804083
Signalling details of a solution based on P3, P4 and P5 option 1]
Qualcomm
discussion
Rel-15
NR_newRAT-Core
Agreements

1: Implement RAN1/RAN4 type 3 parameters into the “BPC” structure (the exact name can be changed in the next meeting).

2: There shall be explicit linking from the RF band combinations to this structure. The relationship is many to many.  In ASN.1, include a set of BPC indices, in each RF band combination. 

=>
Agreements to be added within ASN.1 part 7 email discussion

Additionally, email discussion was agreed in order to progress further aspects of the UE capability discussions:

· [101#xx][NR] UE capability structure  (Qualcomm)


Progress further aspects of the UE capability structure

Intended outcome: Report to next meeting


Deadline:  Thursday 2018-03-29 

2. Discussions
The 1st enhancement from R2-1803749 was agreed (Figure 1), so we will focus on the other two next proposals, but we will break the discussion into smaller questions. We will leave the LTE part for later discussions.
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DL FS:

Dbp1:..

Dbp2:...
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NR RF BC:

RF1: (n1,n2,n3):Bpc1, Bpc2

RF2: (n1,n2,n3):Bpc2, Bpc3

RF3: (n1,n2,n3):Bpc4, Bpc5

RF4: (n1,n2,n3):Bpc4, Bpc5

RF5: (n1,n2,n3):Bpc6

BandCombination 


Figure 1 The proposed enhancements

2.1 Parameters per Band and per CC
Since there are much less bands than band combinations, it is no surprise that many RF band numbers repeat across band combinations.  However, what is also possible is that the same “virtual” band capabilities repeat across different bands and band combinations. This claim was verified for LTE. It is difficult to assess for NR how mcuh repetition will there be. However, we still expect a certain level of repetition.
A band-level summary of DL and UL parameters, that can be mapped from the band combination structure seems valuable. This was the second enhancement in Figure 1. 
In addition, many parameters are listed per component carrier. So, by default many parameters will be repeated across CCs. So, it makes as much sense to avoid repetition of parameters per CC as well.

Proposal 1: Unique sets of DL band parameters shall be listed separately. Band combinations reference one or more of these sets. 
Proposal 2: Unique sets of UL band parameters shall be listed separately. Band combinations reference one or more of these sets.

Proposal 3: Unique sets of DL CC parameters shall be listed separately. Bands reference one or more of these sets.

Proposal 4: Unique sets of UL CC parameters shall be listed separately. Bands reference one or more of these sets.

2.2 Supported Parameters per Band Combination
Simlarly, we believe there will be a set of parameters that can be supported in a group of bands, but not in others, and even though these parameters are classified to be type 3, per band combination, there may still be repetitions.

A band combination list of supported DL and UL parameters, that can be mapped from the band combination structure seems valuable as well. This was also part of the second enhancement in Figure 1 (only shown in the ASN.1 in R2-1804083 though).

We have estimated that even if we apply proposals 1~4 to LTE, proposal 5 can save  ~1 KB of signalling capability size.

To further evaluate this proposal for NR, we have evaluated 3 proposed coding schemes: 

1) Bi-Indexing: Propoposed by Ericsson during the email discussion 101#41. The RF bands combinations directly include references to bands, which in turn list indices referencing CC capabilities. (Red in Figure 2)
2) Tri-Indexing + UL Bitmask: The Qualcomm proposed ASN.1 since Athens, with minor modifications to remove the bitmap on the RF side. The RF band combinations list the indices of supported DL and UL “virtual” band combinations, which in turn use indices to Band capabilities. The band capabilities list indices of CC capabilities. (Blue in Figure 2)
3) Tri-Indexing + UL Indexing: The Qualcomm proposals with indexing instead of a bitmap. The only difference compared to 2) is that the mapping between DL and UL is done via indexing instead of a bitmap.  (Green in Figure 2)
Trying to represent this graphically in Figure 2, it seems there is good agreement on the RF BC and on the Bands and per CC parameters. The discussions center on how the two sides are connected. Is it directly (1) or in three steps (2 or 3).  In Figure 2, all arrows are indices.
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Figure 2 Capability size sensitivity analysis

We’ve input a very wide range of parametrization, as we’re not sure at this point where the UE capabilities will land, and we should plan for the next 5-10 years of UE evolution. To study this, we evaluate the size of the UE capabilities under a set of asumptions and approximations of how the numbers may scale. 

We consider parameters that will affect the size of the UE capabilities such as:
· Number of RF Combinations: Self explanatory.

· Range: 150 to 1800
· Number of DL Virtual Band Combinations: For 2) and 3), the expected number of band combination capabilities shared across different RF combinations.

· Range: 15 to 180 (N/A to solution 1)

· Average Number of DL Virtual Bands: Per band combination, the average number of DL bands.

· Range: 3 to 6

· Average Number of UL Virtual Bands: the average number of UL band.

· Range: 1 to 4

· Size of 1 Virtual UL Band Combination (bits): Size of the band capabilities (beyond the CC).
· Range: 8 to 19
· Number of Unique Band Configs: Self explanatory.
· Range: 10 to 100

· Size of 1 CC INDEX (bits): Size of the index needed to address the list of possible CC configurations.
· Range: 10 to 16

· Average Number of DL CC: Per band. Self explanatory.
· Range: 4 to 8

· Average Number of UL CC: Per band. Self explanatory.
· Range: 2 to 8

· Number of DL CC: Self explanatory.

· Range: 10 to 220
· Size of 1 DL CC (bits): Size of the capabilities of 1 DL CC parameters.
· Range: 32 to 48 bits.

· Number of UL CC: Self explanatory.

· Range: 10 to 220
· Size of 1 UL CC (bits): Size of the capabilities of 1 UL CC parameters.
· Range: 32 to 72 bits.

Figure 3 shows a faster increase of the capability size if only 2 levels of indexing are used. The scenarios are ordered so that complexity increases as the scenario number increases. The scenario definitions are listed in the Appendix. There can be hundreds of possible configurations, these scenarios are just meant to show the sensitivity of the capability size with how the parameters change.
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Figure 3 Capability size sensitivity analysis
From the results, the two-level indexing results in a structure that is 62% to 88% larger than the three-level indexing. The two three-level indexing are very close to each other and require further study to see whether there is a real advantage to one compared to the other.

Even with the additional size, the two-level indexing is actually less expressive of the UE capabilities than the three-level indexing, because the two-level indexing has to force all the feature set combinations grouped together for an RF band combination to share the same set of parameters at the band combination level, while by design, the three-level structure can have different parameters per band combination. If we were to allow the same level of flexibility, the two-level size will be much larger.
Observation: The two-level approach (Bi-Indexing) takes more space and is less accurate when describing the UE capabilities.

The lesson learnt is to minimize the cost of the container that scales with the number or RF band combinations, which is going to be the largest. That means we should not list all the combination of indices to the bands directly from the RF. We should have one additional level of indirection:

Proposal 5: Unique sets of DL/UL band combination parameters shall be listed separately in the UE capabilities (Option 2 or 3 above). RF Band combinations reference one or more of these sets.  
2.3 DL/UL association and repetitions
The current ASN.1 has a bitmap that to point all possible uplink configurations. This was chosen over indexing, but we realize the following problems:

· Complex structure with three mappings:

· DL/UL mapping within the RF band combinations

· DL/UL mapping within the BPC

· Combinations mapping from RF to BPC

· For RF band combinations, the need of signalling capability parameters for UL bands (e.g. bandwidth class) is now gone, thanks to the agreements made in the last meeting, and hence the claimed gain of DL/UL decoupling, i.e. reuse of the same set of UL parameters for different band combinations,  is no longer valid.

· Current ASN.1 seems broken, as it doesn’t allow skipping bands for proper association of the right DL band.

In the attached spreadsheet, the bitmap actually showed a better coding. However, we would like to further study this point. 
Proposal 6:   Remove the DL/UL mapping within the RF band combinations

Proposal 7:  RAN2 to keep open the question of using a bitmap or indexing to link the downlink and uplink configurations. 
2.4 Removal of implicit linking and a set of bandwidth classes

The current structure still has two sets of bandwidth classes: one in the RF and one in the BPC side. This can only make sense if implicit linking is still allowed. However, it carries a large cost (number of bands x number of bits per bandwidth class), while we have shown in Athens that there is a very limited number of links between RF and BB. 

Thus the size of the links will be of the same order, if not less than the size of the bandwidths containers in bits, and we don’t forsee the use of implicit linking.

Proposal 8: Remove the implicit linking from the specifications.

Since we expect the number of RF entries to be larger or equal to the BPC entries, then, it makes more sense to keep the bandwidth classes in the BPC entries.
Proposal 9: Remove the bandwidth classes from the RF structure

2.5 Appropriate new name for BPC

The current name of BPC is inherited from the attempt to split the UE capabilities in RF vs Baseband. As this attempt has failed, and we are regrouping all the type 2 and type 3 parameters, it is appropriate to find a better name.

Note: Outside this section, please use the BPC name to avoid confusion.

Proposal 10: Use “Feature Set” instead of Baseband parameters. 

3. Conclusion

Observation: The two-level approach (Bi-Indexing) takes more space and is less accurate when describing the UE capabilities.

We have motivated the following proposals:

Proposal 1: Unique sets of DL band parameters shall be listed separately. Band combinations reference one or more of these sets. 

Proposal 2: Unique sets of UL band parameters shall be listed separately. Band combinations reference one or more of these sets.

Proposal 3: Unique sets of DL CC parameters shall be listed separately. Bands reference one or more of these sets.

Proposal 4: Unique sets of UL CC parameters shall be listed separately. Bands reference one or more of these sets.

Proposal 5: Unique sets of DL/UL band combination parameters shall be listed separately. RF Band combinations reference one or more of these sets.

Proposal 6:   Remove the DL/UL mapping within the RF band combinations

Proposal 7:   Remove the DL/UL mapping within the BPC, and replace it with a list of reference to uplink feature set combinations
Proposal 8: Remove the implicit linking from the specifications.

Proposal 9: Remove the bandwidth classes from the RF structure

Proposal 10: Use “Feature Set” instead of Baseband parameters. 

Appendix

	Coding 

	Scenario
	Total Size (KBytes)
	Relative to Tri-indexing + bitmask
	Number of RF Combinations
	Number of DL Virtual Band Combinations
	Average Number of DL Virtual Bands 
	Average Number of UL Virtual Bands 
	Size of 1 Virtual UL Band Combination (bits)
	Number of Unique Band Configs
	Size of 1 CC INDEX (bits)
	Average Number of DL CC
	Average Number of UL CC
	Number of DL CC
	Size of 1 DL CC (bits)
	Number of UL CC
	Size of 1 UL CC (bits)

	Bi-Indexing
	1
	1.6
	78%
	150
	0
	3
	1
	8
	10
	10
	4
	2
	10
	32
	10
	32

	Bi-Indexing
	2
	3.2
	88%
	300
	0
	3
	1
	9
	10
	10
	4
	2
	20
	32
	20
	32

	Bi-Indexing
	3
	5.1
	82%
	450
	0
	3
	1
	10
	20
	10
	4
	2
	40
	32
	40
	40

	Bi-Indexing
	4
	9.4
	68%
	600
	0
	4
	2
	11
	20
	10
	4
	2
	60
	32
	60
	40

	Bi-Indexing
	5
	12.5
	62%
	750
	0
	4
	2
	12
	40
	12
	6
	4
	80
	40
	80
	48

	Bi-Indexing
	6
	15
	63%
	900
	0
	4
	2
	13
	40
	12
	6
	4
	100
	40
	100
	48

	Tri-Indexing + UL Bitmask
	1
	0.9
	 
	150
	15
	3
	1
	8
	10
	10
	4
	2
	10
	32
	10
	32

	Tri-Indexing + UL Bitmask
	2
	1.7
	 
	300
	30
	3
	1
	9
	10
	10
	4
	2
	20
	32
	20
	32

	Tri-Indexing + UL Bitmask
	3
	2.8
	 
	450
	45
	3
	1
	10
	20
	10
	4
	2
	40
	32
	40
	40

	Tri-Indexing + UL Bitmask
	4
	5.6
	 
	600
	60
	4
	2
	11
	20
	10
	4
	2
	60
	32
	60
	40

	Tri-Indexing + UL Bitmask
	5
	7.7
	 
	750
	75
	4
	2
	12
	40
	12
	6
	4
	80
	40
	80
	48

	Tri-Indexing + UL Bitmask
	6
	9.2
	 
	900
	90
	4
	2
	13
	40
	12
	6
	4
	100
	40
	100
	48

	Tri-Indexing + UL Index
	1
	0.9
	0%
	150
	15
	3
	1
	8
	10
	10
	4
	2
	10
	32
	10
	32

	Tri-Indexing + UL Index
	2
	1.8
	6%
	300
	30
	3
	1
	9
	10
	10
	4
	2
	20
	32
	20
	32

	Tri-Indexing + UL Index
	3
	2.8
	0%
	450
	45
	3
	1
	10
	20
	10
	4
	2
	40
	32
	40
	40

	Tri-Indexing + UL Index
	4
	5.8
	4%
	600
	60
	4
	2
	11
	20
	10
	4
	2
	60
	32
	60
	40

	Tri-Indexing + UL Index
	5
	7.9
	3%
	750
	75
	4
	2
	12
	40
	12
	6
	4
	80
	40
	80
	48

	Tri-Indexing + UL Index
	6
	9.4
	2%
	900
	90
	4
	2
	13
	40
	12
	6
	4
	100
	40
	100
	48


