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1. Introduction
During RAN2#90, the capability signalling for up to 32CC carrier aggregation was discussed and LS R2-152913 was sent to RAN4 asking for related clarifications. During the further discussion on the topic in RAN2#91, it was agreed that the principle of eNB requesting the capabilities for more than 5CCs was agreed. However, further details on signalling enhancements were left up to e-mail discussion to decide.
	 [91#21][LTE/CAe] Capability signalling enhancements (Nokia Networks) 
-
Identify feasible solutions to reduce capability signalling 

-
Ensure backwards compatibility

=>
Intended outcome: Email discussion report to the next meeting

=>
Intended outcome: LS to RAN4 if needed


The deadline of the e-mail discussion is set to Thursday, 2015-09-24, 23:59 Pacific Time. In case an LS to RAN4 is seend needed, a draft based on the discussion will be provided by the rapporteur as the outcome of the discussion. 
2. Background of the discussion
2.1 Discussion during RAN2#90
Chairman’s notes

The discussion during RAN2#90 only concerned R2-152245, and is shown below for reference (excerpted from the RAN2#90 chairman’s minutes):

	R2-152245
UE CA capability signalling for B5C; Huawei, HiSilicon; Disc; 

-
QC thinks that we need to look in particular at the need for gaps and bandwidth combination set which are particularly big. 

-
QC thinks that another problem is that UL support has to be indicated with every DL band combination. 

-
QC could also imagine that a UE indicates capabilities for certain number of carriers rather than repeating it in many band combinations. 

-
Huawei agrees with QC’s observations but thinks we should focus on requested combinations. Ericsson thinks that this is not sufficient. It is just a tool but nevertheless the number of combinations will be too high. Ericsson also thinks that the “requested band” has to be a simple request and not require the UE to filter by other functionality. 

-
Huawei thinks that for more than 5 carriers we can design a new capability structure, i.e., we don’t need to use the existing one as baseline. 

-
Ericsson thinks that it would be important to involve RAN4 to understand how many contiguous and non-contiguous carriers could be supported and which features are processing or RF related. QC agrees that e.g. for how they intend to design the ISM band. Huawei would like to discuss in RAN2 first via some email discussion. Intel agrees with Ericsson that early involvement of RAN4 is important. Ericsson clarifies that we should anyway continue the discussion in RAN2. QC does not think it is useful to discuss this by email before we have even seen any concrete examples here in the meeting. 

=>
Noted

=>
CB: [LTE/B5C] A draft LS to RAN4 on capability signalling for B5C may be provided in R2-152893 (Ericsson)

R2-152893
Draft LS to RAN4 on capability signalling for B5C; to RAN4; Contact: Ericsson

· =>
LS on capability signalling for B5C; to RAN4 is approved in R2-152913


2.2 Discussion during RAN2#91

Chairman’s notes

The discussion during RAN2#91 was based on documents R2-153102, R2-153135 and R2-153274. The discussion, as shown in the (draft) RAN2#91 chairman’s minutes, is shown below:

	R2-153102
Solution to reduce CA capability signalling size for B5C; NTT DOCOMO, INC.; discussion; 

-
Huawei thinks that a UE also has to include the legacy capabilities. Huawei thinks we could consider some restrictions for the legacy band combination list or the new eNB could create the legacy capability format based on the new Rel-13 format. 

-
Huawei thinks we should certainly study the concept further to understand how we can save most overhead. 

Agreements
1
The UE shall provide Band Combination capability signalling for more than 5 carriers only upon request of the eNB. 

R2-153135
UE capability structure for carrier aggregation enhancements; Nokia Networks; discussion; 

-
Nokia Networks thinks that with Reference to tables we could not only get rid of the band numbers but maybe even of the bandwidth classes since those would also be implicitly given by the tables. QC thinks that we should discuss this with RAN4. Nokia Networks agrees that we cannot decide this by ourselves. 

=>
Discuss (email discussion) reference to RAN4 tables in RAN2 before involving RAN4. 

R2-153274
Discussion on UE capability signaling for B5C; Intel Corporation; discussion; 

· [LTE/CAfe] Capability signalling enhancements (Nokia Networks)
-
Identify feasible solutions to reduce capability signalling 
-
Ensure backwards compatibility
=>
Intended outcome: Email discussion report to the next meeting
=>
Intended outcome: LS to RAN4 if needed


2.3 E-mail discussion topics

As per the e-mail discussion purpose, the goal of the discussion should be to discuss the proposed enhancements, identify their impacts to signalling size, and to check the ASN.1 implementation for the capability signalling enhancements. Hence, the remainder of the document is divided into two parts: 

1) First, the proponents are invited to input the details of their proposals. This should include three parts

a. High-level summary of the proposal (useful for high-level comparison of the proposals) 

and

b. Analysis of the impact to the signalling size to understand how much the proposal can help (to understand the benefits of the proposal)

and

c. ASN.1 details of the proposal, to allow others to understand the detailed implementation of the proposal. 

2) Second, other related issues (e.g. LS to RAN4, as per the discussion purpose) and their contents should be discussed.

The companies are also invited to comment on each others’ proposals, to ensure the pros and cons of each are understood and analyzed. If LS to RAN4 is needed, the rapporteur will provide an LS draft as the outcome of the e-mail discussion.
3 Proposals for capability signalling enhancements 
3.1 Summaries of proposed capability signalling enhancements 
The proponents are invited to fill in the summary of their proposal to the tables below. The summary should indicate the basic principles of the proposal, as well as the expected benefits and drawbacks. Companies should use one table per proposal, to allow also other companies to comments on their proposal. Please use a running index for the tables to allow easier time with references. 
Table 1. Proposal #1
	Company 
	Summary and details of the proposal 

	Nokia Networks
	Summary: Referring to CA band combinations via indices to tables in 36.101.
Details: Instead of using explicit indications for band numbers and bandwidth classes, the RAN2 capability signalling could instead refer to the tables in 36.101. 


Table 2. Proposal #2
	Company 
	Summary and details of the proposal

	Nokia Networks
	Summary: Indicating negative capabilities instead of (or in addition to) positive capabilities

Details: The UE may indicate that it does not support certain bands or band combinations instead of indicating which bands or band combinations it does support. For example, in case UE supports bands 1, 7, 20, and 40 with all possible 3CC combinations except CA_20C_40A and CA_20A_40C, it would only indicate that it doesn’t support those combinations. The eNB could then infer it does support all other combinations.


Table 3. Proposal #3
	Company 
	Summary and details of the proposal

	Nokia Networks
	Summary: Indicating common capabilities for N-CC band combinations

Details: The UE may indicate that it can support common capabilities for e.g. all 2-carrier band combinations. For example, UE could indicate that for 2-carrier band combinations (i.e. CA_XA_XY
, CA_XC or CA_XA_XA), it supports 4 MIMO layers with 1 CSI process or 2 MIMO layers with 4 CSI processes. This would be useful for cases when UE supports very similar capabilities for different band combinations, with few or no exceptions

	Nokia Networks
	DCM’s comment is correct, the example above should state “(i.e. CA_XA_YA, CA_XC, CA_XA_XA)”.


Table 4. Proposal #4
	Company 
	Summary and details of the proposal

	Ericsson
	Summary: Break out MIMO layer capability from  band combination, and introduce MIMO capabilities as per band capability
Details: MIMO capability can be signalled per frequency band, meaning UE indicates  the supported number of mimo layers  per  bandwidthClass for a band.  
· For bandwidth classes implying more than one carrier (intra-band contiguous CA), the capability indicates the total number of MIMO layers for these contiguous carriers on the band. 
· For inter band and intra band non-contiguous CA,  involving one or multipl bands, the MIMO capability is same as signalled per band.   



	
	


Table 5. Proposal #5
	Company 
	Summary and details of the proposal

	Ericsson
	Summary: CSI processing capability can be signaled as a “per UE”-capability. 
Details: UE indicates the number of supported CSI process per number of MIMO layers for one carrier. 


Table 6. Proposal #6
	Company 
	Summary and details of the proposal

	Ericsson
	Summary: A UE baseband processing capability is introduced

Details: 

The formula below intends to illustrate the proposal:
[image: image1.png]BasebandProcessingPowerPerUE
= a X ProcessingPowerPerMIMOLayer X TotalNrOfMIMOLayers +
X ProcessingPowerPerCSIProc X TotalNrOfCSIProc +y
X ProcessingPowerForNAICSPerPRB X TotalNrOfPRESForNAICS + &
X ProcessingPowerForCAPerPRB x TotalNrOfPRBsForCA




The basebandProcessingPowerPerUE and processingPowerPer MIMOLayer/Per CSI/Per NAICS/Per CA are signalled by UE. The total MIMO layers/CSI process/PRBs for NAICS/CA are for all aggregated carriers configured by eNB for each UE.




Table 7. Proposal #7
	Company 
	Summary and details of the proposal

	Ericsson
	Summary: Extend the network requested capability signaling to indicate a list of requested bands for measurement gap capability reporting for EUTRAN.
Details: The measurement gap requirement for inter-frequency measurements per each band combination in carrier aggregation is reported for the supported frequency bands that are restricted within the list of requested bands for measurement by the network.


Table 8. Proposal #8
	Company 
	Summary and details of the proposal

	Ericsson
	Summary: Extend the network requested capability signaling to support selective request of inter-RAT (UTRAN/GERAN/CDMA2000) capabilities (i.e. supported inter-RAT bands and corresponding capabilities including the measurement gap capability). 
Details: The network indicates a list of requested inter-RAT bands and the UE reports the supported inter-RAT bands list and corresponding capabilities including the measurement gap capability that are limited within the requested inter-rAT bands. This reduces the overall capability size, as well as the sizes of the InterRAT-BandLists with interRAT-NeedForGaps


Table 9. Proposal #9
	Company 
	Summary and details of the proposal

	NTT DOCOMO
	Summary: Implicit indication of supported CA band combinations with the fallback requirement [R2-153102].

Details: 

· The UE includes CA band combination(s) whose supported number of CCs is the maximum number for both UL and DL among all the band combinations supported by the UE (“parent” CA band combination).
· By default, all the fall back combinations (incl. non-CA combinations) are considered supported and so not included in the UE capability.
· For example, if the UE supports one 5DL/5UL CA band combination, the UE only includes this band combination in the UE capability. All the fall back combinations, e.g., 5DL/4UL, 4DL/4UL, etc, are not included.
· If the UE supports multiple 5DL/5UL combinations, they are also included. But the fall back combinations for each 5DL/5UL band are omitted.


Table 10. Proposal #10
	Company 
	Summary and details of the proposal

	NTT DOCOMO
	Summary: Indicating negative capabilities together with Proposal #9 [R2-153102].

Details: if the UE does not support some of the fall back combinations, the UE includes the non-supported fall back combinations in the UE capability, in addition to the parent CA band combination.
Note: Basic idea is the same as Proposal #2. The difference is the way of indicating a CA band combination (Index or legacy structure).


Table 11. Proposal #11
	Company 
	Summary and details of the proposal

	NTT DOCOMO
	Summary: Delta capability signaling together with Proposal #9 [R2-153102].

Details:

If there is a fall back combination supported by the UE for which some of the UE capabilities (e.g., MIMO layers, CSI processes, NAICS capabilities, etc.) are different from the parent CA band combination, the UE includes this fall back combination with the deltas of capabilities in the UE capability.
· The absence of the capabilities in this fall back combination signalling implies that it is the same as the parent CA band combination.


Table 12. Proposal #12
	Company 
	Summary and details of the proposal

	NTT DOCOMO
	Summary: Enhanced NW-based CA band combination retrieval [R2-153102 plus additional solutions]

Details:

· The UE shall provide Band Combination capability signalling for more than 5 carriers only upon request of the eNB (as agreed at RAN #91).
· When the eNB transfers the retrieved UE capability to the MME (via S1-MME) or the legacy eNB during handover, the eNB includes one or some of the supported CA band combinations in the legacy format (i.e., supportedBandCombination-r10) in the UE-EUTRA-Capability in addition to the new capability signaling (i.e., supportedBandCombination-r13).
· This is to ensure the backward compatibility issue raised on-line in the last meeting.

· Some examples to use the legacy format are provided below.

1) Include all non-CA band combinations

2) Include at least one 2DL+1UL CA band combination and may include some or all 2D+1UL CA bandcombinations.

3) Combination of 1) and 2).

4) Include all supported CA band combinations up to 5DL+5UL CA.

Etc.

Note:

· The number of CA band combinations included in the legacy format should be minimised. Otherwise, the advantage of introducing the new CA capability signaling is diminishing in terms of the eNB/MME memory storage aspects.

· Even though the legacy format includes only the part of supported CA band combinations, the legacy eNB could retrieve the other supported combinations if the Rel-11 solution of capability retrieval is supported.


Table 13. Proposal #13
	Company 
	Summary and details of the proposal

	Intel
	Summary: Extending the current network-requested CA capability IE. 

Details:  The eNB may indicate more information to UE in addition to a set of frequency bands in the capability enquiry, e.g.: 

· The maximum CC numbers (i.e. 1 UL CC or 2 UL CCs) or aggregated CA bandwidth; 

· Need of reports IE related to a list of functions e.g. DC, NAICS, sidelink direct communication, transmission modes or supported bandwidth combination set.


Table 14. Proposal #14
	Company 
	Summary and details of the proposal

	Intel
	Summary: Decoupling DL and UL band parameters in one band combination IE

Details: The UE may indicate UL and DL band parameters separately instead always providing DL and UL band paramters in one band combination. 

To minimize the signaling size, UE can indicate the support of UL band combinations in much reduced information instead of including all UE capacities under the UL band combinations. As an example of the reduced information, 
· A bitmap can be included for each UL bands combination. More specifically, if the UE supports 1 UL band for a band combination having N DL bands, the size of bitmap is N bits. If the UE support up to 2 UL bands, the UE indicates two sets of bitmap, one for 1 UL band combination and the other for 2 UL band combinations. A bit in the bit string set to 1 indicate that the UE supports including this UL band represented by the concerned bit position UL band combination entry. Each bit position represent a different UL band. A UL band combination option is represented by a number of bits, each representing a particular band combination entry in the supported UL band combination lists.   


Table 15, proposal #15
	Company 
	Summary and details of the proposal

	Huawei, HiSilicon
	Summary: Support of fallback Capability
Details:  
For example, if band combination set Band A (N carriers) + Band B (M carrier) are supported, its subset, i.e. Band A(X carrier, X < N)) +Band B(Y carrier, Y<M) with same MIMO/CSI process capability should be supported without capability indication in order to minimize the number of band combinations. 

Proposal 1: report of a superset of CA band combination implies that the fallback subsets band combination capability offering the same level of MIMO/CSI processes capability could be supported by default.

Proposal 2: If the UE could support different MIMO/CSI processes capability for some subsets of a super set, it could indicate these capabilities in a separate band combination list.



Table 16, proposal #16
	Company 
	Summary and details of the proposal

	Huawei, HiSilicon
	Summary: Network Request CA band combination signalling
Details:  
Network-requested CA Band Combination Capability Signalling was introduced in Rel-11 to limit the number of band combinations in UE capability signalling. Thus, the network could request the UE to report the capability on the concerned bands. For the capabilities supporting 32 CCs, even if we limit the report bands, there may still be a quite few number of capabilities for different bandwidth class combination for a certain band combination, therefore, if the network could request the UE to report the capability within some combination of bandwidth class (for example total carrier number < request number and/or maximum bandwidth < request bandwidth), the size of the capability report could be reduced significantly. For example, if the network only supports CA within 8 carriers, the network could only request the capabilities within 8 carriers, and thus the signalling consumption for the band combinations beyond 8 carries could be saved. 
Proposal 3: RAN2 is suggested to discuss the enhancement on the network request CA band combination signalling to restrict the reported combination of bandwidth class (totaol aggregation carrier number and/or maximum bandwidth).



Conclusions: 16 proposals were submitted by 5 different companies. However, it seems possible to (roughly) categorize the proposals to following categories: 

A. Directly reducing size of the IEs related to capability signalling

· Proposals #1 and #11 both try to optimize the size of the capability entries (via reducing the size of the Ies or via allowing delta signalling)
B. Optimizing what is included and what is not

· Proposals #2 and #10 share the same idea of “negative” indications
C. Common capabilities for multiple entries

· Proposals #3, #4, #5 , #6, #14 all propose to decouple some capabilities from band combination-specific parameters.
D. Extended possibilities for network-requested capabilities

· Proposals #7, #8, #12, #13, #16 all propose to enhance existing NW-requested capabilities with various features.
E. Implicit support for fallback combinations

· Proposals #9 and #15 both consider implicit suport of fallback combinations.
Table 7 shows the summary of all the proposals so that proposals in each “group” above are listed under the same entry.

Table 7. summary of all proposals
	Proposal #(s)
	Group #
	Summary of the proposal 

	1, 11
	A
	Directly reducing size of the IEs related to capability signalling

#1: Referring to CA band combinations via indices to tables in 36.101.#11: Delta capability signaling together with Proposal #9 [R2-153102].


	2, 10
	B
	Optimizing what is included and what is not

#2: Indicating negative capabilities instead of (or in addition to) positive capabilities#10: Indicating negative capabilities together with Proposal #9 [R2-153102].


	3, 4, 5, 6, 14
	C
	Common capabilities for multiple entries

#3: Indicating common capabilities for N-CC band combinations#4: Break out MIMO layer capability from  band combination, and introduce MIMO capabilities as per band capability
#5: CSI processing capability can be signaled as a “per UE”-capability.

#6: A UE baseband processing capability is introduced
#14: Decoupling DL and UL band parameters in one band combination IE

	7, 8, 12, 13, 16
	D
	Extended possibilities for network-requested capabilities

#7: Extend the network requested capability signaling to indicate a list of requested bands for measurement gap capability reporting for EUTRAN.#8: Extend the network requested capability signaling to support selective request of inter-RAT (UTRAN/GERAN/CDMA2000) capabilities (i.e. supported inter-RAT bands and corresponding capabilities including the measurement gap capability).
#12: Enhanced NW-based CA band combination retrieval [R2-153102 plus additional solutions]
#13: Extending the current network-requested CA capability IE.
#16: Network Request CA band combination signalling


	9, 15
	E
	Implicit support for fallback combinations

#9: Implicit indication of supported CA band combinations with the fallback requirement [R2-153102].#15: Support of fallback Capability



3.2 Analysis of Signalling Benefits of each proposalThe proponents are invited to fill in the summary of their proposal to the table below. The summary should indicate the basic principles of the proposal, as well as the expected benefits and drawbacks. Please use the same index as chosen in section 3.1 for each proposal.
Table 8. Proposal #1

	Company 
	Analysis of signalling benefits

	Nokia Networks
	The minimum size for just identifying the band combination consists of following:

· Band number: 6 bits for normal FBI or 6+8=14 bits for extended FBI

· Bandwidth class: 3 bits for enum + 8 bits for length field (due to extension via ellipsis) = 11 bits

Hence, we can see the following minimum sizes:

· Intra-band contiguous band combination: Minimum 17 bits, maximum 27 bits

· Inter-band or intra-band non-contiguous combination with N bandwidth classes: Minimum 17N bits, maximum 27N bits
A combination of the above (e.g. CA_XA_YC) obviously falls somewhere in the middle. Hence, we can conclude that simply the indication for which band combination the entry is for takes 17-27*N bits, where N is the number of bandwidth classes in the band combination. Therefore, if there are A band combinations in total, the size of the signalling is between 17*A and 37*A*N bits
In contrast, the proposed index schemes takes N bits for indicating index within one table in 36.101, and M bits for indicating which table is utilized (since there are quite many tables in 36.101). With values of N=12 and M=5 would allow indicating 2^12 = 4096 entries per table and 2^5 = 32 tables. Hence, M+N = 12+6 = 17 bits, the size of the signalling would (always) be 17*A bits.
Calculating the gain, it can be seen that the gain is between 0% (when UE only support intra-band contiguous cases) and 100%*(37AN-17A)/37AN = 100%*(1 – 17/37N), which, for example when N=1 is ~54% and when N=5, is already ~91%. 

Therefore,the proposal allows to reduce the size of the capabilities significantly.

	
	


Table 9. Proposal #2

	Company 
	Analysis of signalling benefits

	Nokia Networks
	The negative signalling makes sense when signalling NOT support combinations takes less space than signalling supported band combinations. Therefore, it is not always useful but could be relevant for cases when UE typically supports most options.

	
	


Table 10. Proposal #3

	Company 
	Analysis of signalling benefits

	Nokia Networks
	Currently UE has to indicate MIMO and CSI capabilities per bandwidth class or per serving cell per band combination. The size of MIMO capability is 2 bits for DL and 1 bit for UL, whereas the size of CSI process capability is 2 bits. Hence, the size for a N-CC band combination from the MIMO/CSI process capabilities is (at least) 4*N bits.

As an overview, the following capabilities can be indicated per band combination:

· MIMO layers: Per serving cell, size = 2 bits for DL and size = 1 bit for UL

· CSI processes: Per serving cell, size = 2 bits (only DL)

· NAICS capabilities: BIT STRING, size of 1-8 bits (depending on the NAICS capability table)

· Support of multiple TA: 1 bit

· Support of simultaneous Rx/Tx: 1 bit

· Support of DC: 1 + (3-15) = 4-16 bits

· Suppported bands for ProSe communication: BIT STRING size of 1-64 bits
This brings the total minimum signalling size per band combination to 8 bits (optionality bit for each capability group above), and the total maximum size to 8 (optionality bits) + 3N (capabilities for MIMO/CSI) +  8 (NAICS bitmap) + 2 (mTA+ simultaneous Rx/Tx) + 4/8/16 (DC support) + N (ProSe support) = 4N + 16  + 4/8/16 = 4N +20 for 3CC combinations, 4N+24 for 4CC combinations, and 4N+32 for 5CC combinations.

	
	


Table 11. Proposal #4
	Company 
	Analysis of signalling benefits

	Ericsson
	Proposal saves signaling size, as it aims to ellimiate the need for UE to signal multiple band combnation instances for the same CA band combination


Table 12. Proposal #5
	Company 
	Analysis of signalling benefits

	Ericsson
	Proposal saves signaling size, as it aims to ellimiate the need for UE to signal multiple band combnation instances for the same CA band combination


Table 13. Proposal #6
	Company 
	Analysis of signalling benefits

	Ericsson
	Proposal saves signaling size, as it aims to ellimiate the need for UE to signal multiple band combnation instances for the same CA band combination


Table 14. Proposal #7
	Company 
	Analysis of signalling benefits

	Ericsson
	Proposal saves one bit per omitted EUTRA band per band combination


Table 15. Proposal #8
	Company 
	Analysis of signalling benefits

	Ericsson
	Proposal saves the entire inter-RAT capabilities to be reported. 


Table 16. Proposal #9
	Company 
	Analysis of signalling benefits

	NTT DOCOMO
	It is enough for the UE to indicate only one parent CA band combination which can save the signaled bit significant compared to the legacy format including all supported combinations.


Table 17. Proposal #10
	Company 
	Analysis of signalling benefits

	NTT DOCOMO
	Same as Nokia’s analysis on Proposal #2. In addition, it is noted that most of the fall back combinations are supported by the UE according to the outcome of RAN work so far. If there is a case that non-supported fallback combinations are larger than the supported fallback combinations, the UE could decide to use the legacy signaling.


Table 18. Proposal #11
	Company 
	Analysis of signalling benefits

	NTT DOCOMO
	It depends on the number of fallback CA combinations of which the CA related capabilities are different than that of the parent CA band combination. The solution has an advantage if the number is small. In contrast, if the number is larger, the advantage of new CA capability signaling is diminishing.


Table 19. Proposal #12
	Company 
	Analysis of signalling benefits

	NTT DOCOMO
	The solution can ensure the backward compatibility for the case where the UE capability is transferred from the Rel-13 CA capable eNB to the legacy eNB during handover or from the MME to the legacy eNB.


Table 20. Proposal #13
	Company 
	Analysis of signalling benefits

	Intel
	This proposal is motivated by the observation on current UE capability signaling that multiple instances of SupportedBandCombination may be reported for a same band combination due to one of several reasons e.g. different bandwidth combination Set, different NAICS capability or different uplink bands for a single UL CC capability. With the help of additional information in the enquiry IE, the number of band combinations can be reduced without sacrifing any useful capability information.    


Table 21. Proposal #14
	Company 
	Analysis of signalling benefits

	Intel
	Currently, the UE has to provide both DL and UL band combination as one band combination. Following this rule, one particular UL band parameters (including CA and MIMO capability) might be repeatedly included in many supported band combination for a given UE due to the different DL band combination. 

Using the proposed method of decoupling UL and DL band parameters indication in the UE capability IE, the total payload size of UE capability can be reduced. This is particular beneficial to reduce the band combinations numbers when the UE supports a very limited number of UL band parameters but a huge amount of DL CA band combinations. 

To calculate the gain of P5, following assumption was made 

· Frequency band indicator (FBI) per band: 6 bits. 

· CA bandwidth classes (BWC) per DL/UL band : 4-bits

· MIMO layers per bandwidth Class: 2-bits for DL and 1-bit for UL. 

· CSI processes per band: 2-bits

· NAICS capabilities per band combination: BIT STRING, size of 1-8 bits

· Support of multiple TA: 1 bit

· Support of simultaneous Rx/Tx: 1 bit

· Support of DC: 1 + (3-15) = 4-16 bits

· Supported bands for ProSe communication: BIT STRING size of 1-64 bits
Using the current signaling method, the capability size of N-bands band combination is roughly calculated as follows: 

· 10*N (FBI/BWC) +5*N (MIMO/CSI)+8(NAICS)+1(MTA)+1(Simultaneous Tx/Rx)+ (4/8/16)(DC)+ N (Prose support) = 16N+10+4/8/16. 

Then, just for 1 UL CC case, the UE capability size is calculated as in below table:

#Frequency bands

Band combination numbers /estimated size for inter-band CA: N-bands

2-bands

3-bands

4-bands

5-bands

5

20/840

30/1860

20/1640

1/106

Using the proposed method, following IEs are signaled:  

· DL for each DL band combinations 

· Frequency band indicator (FBI) per band: 6 bits. 

· CA bandwidth classes (BWC) per band : 4-bits

· MIMO layers per bandwidth Class: 2-bits 

· CSI processes per band: 2-bits

· NAICS capabilities per band combination: BIT STRING, size of 1-8 bits

· Support of multiple TA: 1 bit

· Support of simultaneous Rx/Tx: 1 bit

· Support of DC: 1 + (3-15) = 4-16 bits

· Supported bands for ProSe communication: BIT STRING size of 1-64 bits
· SupportedULbandscombinationslist per SupportedBandlistUL 

· Bit string for 1 UL CC: N bits

· Bit string for 2 UL CCs: (Nx(N-1))/2 bits

· …

· Bit string for N UL CCs: 1 bit. 

· UL band combinations 

· SupportedBandlistUL

· Frequency band indicator (FBI) per band:  6 bits.

· CA bandwidth classes (BWC) per band : 4-bits

· MIMO layers per bandwidth Class: 1-bits 

Using the same example to indicate the 5-bands capability with 1 UL CC to NW, the size using proposed method becomes: 

· DL: The size of N-bands DL band combination is: 10*N (FBI/BWC) +4*N (MIMO/CSI)+8(NAICS)+1(MTA)+1(Simultaneous Tx/Rx)+ (4/8/16)(DC)+ N (Prose support) = 15N+10+4/8/16. 

#Frequency bands

DL Band combination numbers/estimated size for inter-band CA: N-bands

2-bands

3-bands

4-bands

5-bands

5

10/400

10/590

5/390

1/101

· UL: 11*M (SupportedBandlistUL) + 5(for 1 UL CC) = 60 bits for 5-bands cases.

So, the total UE capability size can be summarized as follows:

· Current signaling method: 840+1860+1640+106 = 4446 bits. 

· P4: (400+590+390+101) (for DL) + (60) (for UL) = 1481+60 = 2081 bits. 

The gain would be approximately (4446-2081)/4446 = 53% reduced. 
In this calculation, BIT STRING for supportedbandcombinationUL list is not counted in. Our view is that it is negligible to quantify the expected gain of the proposal. 


Table 22. Proposal #15
	Company 
	Analysis of signalling benefits

	Huawei,HiSilicon
	   Fallback has been agreed in RAN4, he benefit depends on how many different MIMO/CSI processes capability for some subsets of a super set.


Table 23. Proposal #16
	Company 
	Analysis of signalling benefits

	Huawei,HiSilicon
	   On demand method is a useful method if the network does not want the all the sets.


Conclusions: The benefits of each proposal are shown in Table 22 according to the grouping introduced in previous section. 

Table 24. summary of signalling benefits of all proposals
	Proposal #(s)
	Group #
	Benefits of the proposal(s)

	1, 11
	A
	Directly reducing size of the IEs related to capability signalling

The benefits of #1 are large compared to current size of band combination indexes, with >90% savings for typical cases. For #11, the savings depend on the amount similar entries to which deltas can be used.

	2, 10
	B
	Optimizing what is included and what is not

Savings depend on how many capabilities UE supports or doesn’t support. However, in theory saving can be up to 100% (i.e. UE that supports all posssible band combinations can indicate there are none it doesn’t support).

	3, 4, 5, 6, 14
	C
	Common capabilities for multiple entries

The proposals save 1-N bits in each signalled band combination since there is no need to repeat the same capabilities. How many bits are saved overall depends on how much repetition can be avoided.

	7, 8, 12, 13, 16
	D
	Extended possibilities for network-requested capabilities

The proposals save the amount needed by the capabilities that are not required to be indicated every time by the UE. For example, proposal #7 saves 1 bit per band combination whereas proposal #8 saves the full set of inter-RAT capabilities if they are not requested by the eNB. In other cases, the savings depend on which parameters are desired by the eNB and which are not.

	9, 15
	E
	Implicit support for fallback combinations

For band combinations with many fallback cases (e.g. 4CCs or more), the proposals save repetition of the fallback cases as well as their parameters.  


Based on the estimates for how many bits are saved, groups A, B and E seem to provide the largest theoretical recution in their respective signalling sizes. The group C benefits largely depend on how much repetition there is among the UE capabilities, but allow large reduction when there is a lot of repetition. Finall, the premise of group D has (i.e. network-requested capabilities) was already agreed in RAN2#91 as the baseline for capabilities, so the proposals in this group are clearly in the scope of reductions. Hence, the conclusions seems to be that all groups could provide signalling benefits, but the discussion on which would have the highest priority seems difficult to conclude in this e-mail discussion. Therefore, online discussion and decision on the direction is needed.
Proposal 1: RAN2 to discuss whether it is feasible to adopt solutions according to all groups.

3.3 ASN.1 implementation of proposals

The proponents are invited to fill in the summary of their proposal to the table below. The summary should indicate the basic principles of the proposal, as well as the expected benefits and drawbacks.
Table 25. Proposal #1
	Company
	ASN.1 implementation of the proposal



	Nokia Networks
	The following shows a possible ASN.1 for the indexing using one list for each N CC band combinations:
-- ASNSTART

RF-Parameters-r13 ::=



SEQUENCE {


specNumber


OCTET STRING (1..16),


-- 36.101 Specification number of the UE


supportedBandCombinations-r13
SupportedBandCombinations-r13,
OPTIONAL 


-- List of Rel-13 band combinations

}
SupportedBandCombinations-r13 ::=
SEQUENCE (SIZE (maxBandComb-r13)) OF AggregatedBandList-r13

-- One list for each N CC band combinations

AggregatedBandList-r13 ::=

SEQUENCE {


bandCombTableIndex-r13

BandCombTableIndex-r13, 
    -- Index of table in 36.101


dlBandCombIndexr13

RowIndex-r13, 
    -- DL index within the table in 36.101


ulBandCombIndex-r13

RowIndex-r13  OPTIONAL 
    -- UL index within the table in 36.101

}

BandCombTableIndex-r13 ::= INTEGER (1..maxBandCombTables-r13) 

RowIndex-r13 ::=  INTEGER (1..maxBandComb-r13) 
-- ASN1STOP




Table 26. Proposal #2
	Company
	ASN.1 implementation of the proposal



	Nokia Networks
	One way to implement the proposal is to group the band combinations according to common parameters (building on top of the previous proposal):

RF-Parameters-r13 ::=



SEQUENCE {


specNumber


OCTET STRING (1..16),


-- 36.101 Specification number of the UE


supportedBandCombinationGroups-r13
SupportedBandCombinationGroups-r13,
OPTIONAL 


-- List of Rel-13 band combinations

}
SupportedBandCombinations-r13 ::=
SEQUENCE (SIZE (maxBandComb-r13)) OF AggregatedBandList-r13

-- One list for each N CC band combinations

SupportedBandCombinationGroups-r13 ::= SEQUENCE {

    supportedBandCombinations-r13    SupportedBandCombinations-r13,

    commonParameters-r13             BandCombSpecificParams-r13   OPTIONAL

}

AggregatedBandList-r13 ::=

SEQUENCE {


bandCombTableIndex-r13

BandCombTableIndex-r13, 

    -- Index of table in 36.101


dlBandCombIndexr13

RowIndex-r13, 

    -- DL index within the table in 36.101


ulBandCombIndex-r13

RowIndex-r13  OPTIONAL 

    -- UL index within the table in 36.101

}

BandCombSpecificParams-r13 ::= SEQUENCE (1..maxSimultaneousBands) OF BandSpecificParams-r13

BandSpecificParams-r13 ::=
SEQUENCE {


numberOfCCs



INTEGER (1..maxSimultaneousBands),


-- Number of CCs for the indication


downlinkMIMO-r13

supportedMIMO-CapabilityDL-r13

OPTIONAL,


-- DL MIMO layers common to all bands in the band combination


uplinkMIMO-r13


supportedMIMO-CapabilityUL-r13

OPTIONAL,


-- UL MIMO layers common to all bands in the band combination


supportedCSI-Proc-r13
ENUMERATED {n1, n3, n4}



OPTIONAL,

-- Number of CSI processes common to all bands in the band combination

}

BandCombTableIndex-r13 ::= INTEGER (1..maxBandCombTables-r13) 

RowIndex-r13 ::=  INTEGER (1..maxBandComb-r13) 




Table 27. Proposal #3
	Company
	ASN.1 implementation of the proposal



	Nokia Networks
	The indication of negative capabilities requires a reference (so eNB knows what is the comparison point), but otherwise a single BOOLEAN flag is sufficient. See below for proposal building on top of P1 and P2:

 RF-Parameters-r13 ::=



SEQUENCE {


specNumber


OCTET STRING (1..16),


-- 36.101 Specification number of the UE


supportedBandCombinationGroups-r13
SupportedBandCombinationGroups-r13,
OPTIONAL 


-- List of Rel-13 band combinations

}
SupportedBandCombinations-r13 ::=
SEQUENCE (SIZE (maxBandComb-r13)) OF AggregatedBandList-r13

-- One list for each N CC band combinations

SupportedBandCombinationGroups-r13 ::= SEQUENCE {

    supportedBandCombinations-r13    SupportedBandCombinations-r13,

    commonParameters-r13             BandCombSpecificParams-r13   OPTIONAL

}

AggregatedBandList-r13 ::=

SEQUENCE {


bandCombTableIndex-r13

BandCombTableIndex-r13, 

    -- Index of table in 36.101


dlBandCombIndexr13

RowIndex-r13, 

    -- DL index within the table in 36.101


ulBandCombIndex-r13

RowIndex-r13  OPTIONAL 

    -- UL index within the table in 36.101


negativeCapabilities-r13

ENUMERATED{true)

OPTIONAL,


-- If included, the UE indicates which band combinations it does NOT support.

}

BandCombSpecificParams-r13 ::= SEQUENCE (1..maxSimultaneousBands) OF BandSpecificParams-r13

BandSpecificParams-r13 ::=
SEQUENCE {


numberOfCCs



INTEGER (1..maxSimultaneousBands),


-- Number of CCs for the indication


downlinkMIMO-r13

supportedMIMO-CapabilityDL-r13

OPTIONAL,


-- DL MIMO layers common to all bands in the band combination


uplinkMIMO-r13


supportedMIMO-CapabilityUL-r13

OPTIONAL,


-- UL MIMO layers common to all bands in the band combination


supportedCSI-Proc-r13
ENUMERATED {n1, n3, n4}



OPTIONAL,

-- Number of CSI processes common to all bands in the band combination

}

BandCombTableIndex-r13 ::= INTEGER (1..maxBandCombTables-r13) 

RowIndex-r13 ::=  INTEGER (1..maxBandComb-r13) 




Table 28. Proposal #4-8
	Company
	ASN.1 implementation of the proposal



	Ericsson
	-


Table 29. Proposal #9-11
	Company
	ASN.1 implementation of the proposal



	NTT DOCOMO
	See below in this table.


UE-EUTRA-Capability information element
-- ASN1START

<< skip unchanged part >>
UE-EUTRA-Capability-v13xy-IEs ::=
SEQUENCE {

rf-Parameters-v13xy




RF-Parameters-v13xy





OPTIONAL,

nonCriticalExtension



SEQUENCE {}







OPTIONAL

}
RF-Parameters-v13xy ::=



SEQUENCE {

supportedBandCombination-r13


SupportedBandCombination-r13


OPTIONAL,
}

SupportedBandCombination-r13 ::= SEQUENCE (SIZE (1..maxBandComb-r13)) OF BandCombinationParametersParent-r13 

BandCombinationParametersParent-r13 ::=
SEQUENCE {


bandParameterList-r13


SEQUENCE (SIZE (1..maxSimultaneousBands-r10)) OF 




BandParameters-r11,


supportedBandwidthCombinationSet-r13
SupportedBandwidthCombinationSet-r10
OPTIONAL,


multipleTimingAdvance-r13

ENUMERATED {supported}




OPTIONAL,


simultaneousRx-Tx-r13


ENUMERATED {supported}




OPTIONAL,


bandInfoEUTRA-r13



BandInfoEUTRA,


dc-Support-r12




SEQUENCE {



asynchronous-r12



ENUMERATED {supported}


OPTIONAL,



supportedCellGrouping-r12

CHOICE {





threeEntries-r12



BIT STRING (SIZE(3)),





fourEntries-r12




BIT STRING (SIZE(7)),





fiveEntries-r12




BIT STRING (SIZE(15))



}















OPTIONAL


}
















OPTIONAL,


supportedNAICS-2CRS-AP-r12

BIT STRING (SIZE (1..maxNAICS-Entries-r12))

OPTIONAL,

commSupportedBandsPerBC-r12



BIT STRING (SIZE (1.. maxBands))

OPTIONAL,


non-SupportedBandCombinationFB-r13
SEQUENCE (SIZE (1..maxBandComb-r13)) OF BandCombinationParameters-r13


OPTIONAL,


supportedBandCombinationFB-Ext-r13
SEQUENCE (SIZE (1..maxBandComb-r13)) OF BandCombinationParametersFB-Ext-r13

OPTIONAL

}
BandCombinationParameters-r13 ::= SEQUENCE (SIZE (1..maxSimultaneousBands-r10)) OF BandParameters-r13

BandCombinationParametersFB-Ext-r13 ::=
SEQUENCE {


bandParameterList-r13


SEQUENCE (SIZE (1..maxSimultaneousBands-r10)) OF 




BandParameters-r11,


supportedBandwidthCombinationSet-r13
SupportedBandwidthCombinationSet-r10
OPTIONAL,


multipleTimingAdvance-r13

ENUMERATED {supported}




OPTIONAL,


simultaneousRx-Tx-r13


ENUMERATED {supported}




OPTIONAL,


bandInfoEUTRA-r13



BandInfoEUTRA






OPTIONAL,


dc-Support-r12




SEQUENCE {



asynchronous-r12



ENUMERATED {supported}


OPTIONAL,



supportedCellGrouping-r12

CHOICE {





threeEntries-r12



BIT STRING (SIZE(3)),





fourEntries-r12




BIT STRING (SIZE(7)),





fiveEntries-r12




BIT STRING (SIZE(15))



}















OPTIONAL


}
















OPTIONAL,


supportedNAICS-2CRS-AP-r12

BIT STRING (SIZE (1..maxNAICS-Entries-r12))

OPTIONAL,

commSupportedBandsPerBC-r12



BIT STRING (SIZE (1.. maxBands))

OPTIONAL
}
<< skip unchanged part >>
BandParameters-r13 ::= SEQUENCE {


bandEUTRA-r13




FreqBandIndicator-r11,


bandParametersUL-r13


BandParametersUL-r10




OPTIONAL,


bandParametersDL-r13


BandParametersDL-r10




OPTIONAL
}

<< skip unchanged part >>
-- ASN1STOP

	UE-EUTRA-Capability field descriptions
	FDD/ TDD diff

	supportedBandCombination-r13

Includes the supported parent band combinations for the UE. The parent band combination is defined as a band combination whose supported number of CCs is the maximum number for both UL and DL among all the band combinations supported by the UE. The UE shall not include fallback combinations from the parent band combination, whose supported number of CCs is less than the parent band combination in UL and DL. By default, the eNB considers all the fallback combinations including Non-CA band combinations for a parent band combination supported unless it is indicated in the non-supportedBandCombinationFB. 
	-

	BandCombinationParametersParent
Indicates the band combination parameters for a parent band combination defined as a band combination whose supported number of CCs is the maximum number for both UL and DL among the band combinations supported by the UE.
	-

	non-SupportedBandCombinationFB
Includes the fallback band combinations of a parent band combination which are not supported by the UE. 
	-

	supportedBandCombinationFB-Ext
Includes the fallback band combinations of a parent band combination supported by the UE whose band combination parameters are different from the parent band combination. If some fields are absent for a fallback band combination, these values are the same as the parent band combination.
	-


Table 30. Proposal #12
	Company
	ASN.1 implementation of the proposal



	NTT DOCOMO
	See below in this table. It is noted that including one or some of the supported CA band combinations using the legacy format does not affect the ASN.1 implementation.


UECapabilityEnquiry message
-- ASN1START

UECapabilityEnquiry ::=



SEQUENCE {


rrc-TransactionIdentifier


RRC-TransactionIdentifier,


criticalExtensions




CHOICE {



c1








CHOICE {




ueCapabilityEnquiry-r8



UECapabilityEnquiry-r8-IEs,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

UECapabilityEnquiry-r8-IEs ::=

SEQUENCE {


ue-CapabilityRequest



UE-CapabilityRequest,


nonCriticalExtension



UECapabilityEnquiry-v8a0-IEs

OPTIONAL

}

UECapabilityEnquiry-v8a0-IEs ::= SEQUENCE {


lateNonCriticalExtension


OCTET STRING





OPTIONAL,


nonCriticalExtension



UECapabilityEnquiry-v1180-IEs






OPTIONAL

}

UECapabilityEnquiry-v1180-IEs ::= SEQUENCE {


requestedFrequencyBands-r11


SEQUENCE (SIZE (1..16)) OF FreqBandIndicator-r11






OPTIONAL,


nonCriticalExtension



UECapabilityEnquiry-v13xy-IEs






OPTIONAL

}

UECapabilityEnquiry-v13xy-IEs ::= SEQUENCE {


enhancedCAcapabilityRequest-r13

BOOLEAN







OPTIONAL,


nonCriticalExtension



SEQUENCE {}






OPTIONAL

}

UE-CapabilityRequest ::=

SEQUENCE (SIZE (1..maxRAT-Capabilities)) OF RAT-Type

-- ASN1STOP

	UECapabilityEnquiry field descriptions

	ue-CapabilityRequest

List of the RATs for which the UE is requested to transfer the UE radio access capabilities i.e. E-UTRA, UTRA, GERAN-CS, GERAN-PS, CDMA2000.

	requestedFrequencyBands

List of frequency bands for which the UE is requested to provide supported CA band combinations and non CA bands.

	enhancedCAcapabilityRequest
Indicates that the UE if supported is requested to provide the supportedBandCombination-r13 instead of the supportedBandCombination-r10.


Table 31. Proposal #13
	Company
	ASN.1 implementation of the proposal



	Intel
	One example to implement this proposal is provided as follows: 

-- ASNSTART

UECapabilityEnquiry-v13xy-IEs ::= SEQUENCE {

-- Maximum number of DL CCs for which UE is requested to provide supported CA band combinations, common to all bands

dlMaxNumberOfCCs-r13                  INTEGER (1..maxSimultaneousBands) OPTIONAL, 

-- Maximum number of UL CCs for which UE is requested to provide supported CA band combinations, common to all bands

ulMaxNumberOfCCs-r13                  INTEGER (1..maxSimultaneousBands) OPTIONAL,

-- Maximum CA bandwidth class for one band in DL, common to all bands

dlMaxBandwidthClass-r13                CA-BandwidthClass-r10 OPTIONAL,

--  Maximum CA bandwidth class for one band in UL, common to all bands 

ulMaxBandwidthClass-r13                CA-BandwidthClass-r10  OPTIONAL,

--List features UE do NOT need to indicate capability

    dc-r13


ENUMERATED {true}


OPTIONAL,  

naics-r13
    ENUMERATED {true}


OPTIONAL,

sideLink-13     ENUMERATED {true}


OPTIONAL, 
tm10-r13        ENUMERATED {true}


OPTIONAL,

--Indicate the suppor of band combination set, common for all band combination

bandwidthCombinationSet-r13    ENUMERATED {true}
OPTIONAL,     


nonCriticalExtension



SEQUENCE {}






OPTIONAL

}

-- ASN1STOP




Table 32. Proposal #14
	Company
	ASN.1 implementation of the proposal



	Intel
	One example to implement this proposal is provided as follows: 

-- ASNSTART

RF-Parameters-v13xy ::=



SEQUENCE {
-- List of Rel-13 supported band combinations

SupportedBandCombination-r13
SupportedBandCombinations-r13
OPTIONAL,

}
SupportedBandCombination-r13 ::=  SEQUENCE (SIZE (1.. maxBandComb-r13)) OF

BandCombinationParameters-r13

BandCombinationParameters-r13 ::= SEQUENCE {
bandCombinationParametersDL-r13        BandCombinationParametersDL-r13,

-- This field indicates a list of UL bands combinations which the UE can support with the concerned supported DL band combination.
supportedULbandscombinationslist-r13   SupportedULbandscombinationList-r13, 

}

BandCombinationParametersDL-r13 ::=  SEQUENCE (SIZE (1..maxSimultaneousBands-r10)) OF BandParametersDL-r13

BandParametersDL-r13  ::= SEQUENCE {


bandEUTRA-r13




FreqBandIndicator-r13,


bandClassParametersDL-r13

BandClassParametersDL-r13

OPTIONAL

}

BandClassParametersDL-r13 ::= SEQUENCE (SIZE (1..maxBandwidthClass-r13)) OF CA-MIMO-ParametersDL-r13
CA-MIMO-ParametersDL-r13 ::= SEQUENCE {


ca-BandwidthClassDL-r13



CA-BandwidthClass-r13,


supportedMIMO-CapabilityDL-r13

MIMO-CapabilityDL-r13



OPTIONAL

}

SupportedULbandscombinationList-r13 ::= SEQUENCE (SIZE (1.. maxSimultaneousBands-r10)) OF SupportedBandCombinationsUL-r13

-- ASN1STOP




Table15, proposal 15
	Company 
	ASN.1 implementation of the proposal

	Huawei,HiSilicon
	   UE-EUTRA-Capability information element
-- ASN1START

SupportedBandCombinationExtension-r13 ::= SEQUENCE (SIZE (1..maxBandComb-r13)) OF BandCombinationParametersSuperSet-r13 

BandCombinationParametersSuperSet-r13 ::=
SEQUENCE {


bandCombinationParameters-r13

BandCombinationParameters-r13,

bandCombinationParameterSubsetExtension
SEQUENCE (SIZE (1..maxBandComb-r13)) OF BandCombinationParameters-r13
}
BandCombinationParameters-r13 ::=
SEQUENCE {


bandParameterList-r13


SEQUENCE (SIZE (1..maxSimultaneousBands-r10)) OF 




BandParameters-r13,


supportedBandwidthCombinationSet-r13
SupportedBandwidthCombinationSet-r10
OPTIONAL,


multipleTimingAdvance-r13

ENUMERATED {supported}




OPTIONAL,


simultaneousRx-Tx-r13


ENUMERATED {supported}




OPTIONAL,


bandInfoEUTRA-r13



BandInfoEUTRA,


dc-Support-r12




SEQUENCE {



asynchronous-r12



ENUMERATED {supported}


OPTIONAL,



supportedCellGrouping-r12

CHOICE {





threeEntries-r12



BIT STRING (SIZE(3)),





fourEntries-r12




BIT STRING (SIZE(7)),





fiveEntries-r12




BIT STRING (SIZE(15))



}















OPTIONAL


}
















OPTIONAL,

supportedNAICS-2CRS-AP-r12

BIT STRING (SIZE (1..maxNAICS-Entries-r12))

OPTIONAL,

commSupportedBandsPerBC-r12



BIT STRING (SIZE (1.. maxBands))

OPTIONAL
}
BandParameters-r13 ::= SEQUENCE {


bandEUTRA-r13




FreqBandIndicator-r11,


bandParametersUL-r13


BandParametersUL-r10




OPTIONAL,


bandParametersDL-r13


BandParametersDL-r13




OPTIONAL
}

BandParametersDL-r13 ::= SEQUENCE (SIZE (1..maxBandwidthClass-r10)) OF CA-MIMO-ParametersDL-r13
CA-MIMO-ParametersDL-r13 ::= SEQUENCE {


ca-BandwidthClassDL-r10



CA-BandwidthClass-r10,


supportedMIMO-CapabilityDL-r10

MIMO-CapabilityDL-r10



OPTIONAL,


intraBandContiguousCC-InfoList-r12

SEQUENCE (SIZE (1.. maxServCell-r10)) OF IntraBandContiguousCC-Info-r12

}

IntraBandContiguousCC-Info-r12 ::= SEQUENCE {

supportedMIMO-CapabilityDL-r12
MIMO-CapabilityDL-r10

OPTIONAL,


supportedCSI-Proc-r12


ENUMERATED {n1, n3, n4}

OPTIONAL
}
-- ASN1STOP


Table16, proposal 16
	Company 
	ASN.1 implementation of the proposal

	Huawei,HiSilicon
	  UECapabilityEnquiry message
-- ASN1START

UECapabilityEnquiry ::=



SEQUENCE {


rrc-TransactionIdentifier


RRC-TransactionIdentifier,


criticalExtensions




CHOICE {



c1








CHOICE {




ueCapabilityEnquiry-r8



UECapabilityEnquiry-r8-IEs,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

UECapabilityEnquiry-r8-IEs ::=

SEQUENCE {


ue-CapabilityRequest



UE-CapabilityRequest,


nonCriticalExtension



UECapabilityEnquiry-v8a0-IEs

OPTIONAL

}

UECapabilityEnquiry-v8a0-IEs ::= SEQUENCE {


lateNonCriticalExtension


OCTET STRING





OPTIONAL,


nonCriticalExtension



UECapabilityEnquiry-v1180-IEs






OPTIONAL

}

UECapabilityEnquiry-v1180-IEs ::= SEQUENCE {


requestedFrequencyBands-r11


SEQUENCE (SIZE (1..16)) OF FreqBandIndicator-r11






OPTIONAL,


nonCriticalExtension



SEQUENCE {}






OPTIONAL

}

UECapabilityEnquiry-v13xy-IEs ::= SEQUENCE {


b5CcapabilityRequest-r13


BOOLEAN







OPTIONAL,

requestedAggregationClass


RequestedAggregationClass


OPTIONAL,

nonCriticalExtension



SEQUENCE {}






OPTIONAL

}

RequestedAggregationClass::= SEQUENCE {

maximumTotalCarrierNumber


INTEGER (1..maxSrvingCells)


OPTIONAL,

maximumBandwidthClass



CA-BandwidthClass-r10



OPTIONAL
}
UE-CapabilityRequest ::=

SEQUENCE (SIZE (1..maxRAT-Capabilities)) OF RAT-Type

-- ASN1STOP




Conclusions: ASN.1 examples were provided for proposals #1-3 and #9-16. Once the way forward determining which proposals are agreed is decided, the examples can be used as baseline when realizing the capability signalling. 

Proposal 2: Once RAN2 agrees to which signalling reductions are incorporated, use the ASN.1 examples provided here as baseline for implementing the signalling.

4. Other discussion related to the proposal

This section is intended for general discussion on proposals, as well as for the discussion on LS to RAN4.

4.1 Discussion on LS to RAN4 

The discussion on LS to RAN4 should be collected under this section. The following questions should be answered:

1) Is an LS to RAN4 needed on any of the capability signalling enhancement aspects considered in this discussion?

2) If an LS is needed, what should its contents be (proponents should include example TPs for the LS)?
	Company 
	Question 1: Is an LS to RAN4 needed on any of the capability signalling enhancement aspects considered in this discussion?


	
	Yes or no
	Comments

	Nokia Networks
	Yes
	We should ask RAN4 whether they see issues with adding indexes to tables.

	NTT DOCOMO
	No for DCM proposals
	The former LS to RAN4 already covers the proposed solutions.

	Intel
	No for proposals from Intel.
	We do not see the need to ask RAN4 views on Proposal 13 and Proposal 14 as they are purely signaling design options within the scope of RAN2 work.

	Huawei, HiSilicon
	No for our proposals 
	

	
	
	

	
	
	


Conclusions: One company considers LS to RAN4 would be needed (for proposal #1). No company sees need for LS concerning other proposals. 
Proposal 3: Send LS to RAN4 to verify that the proposal is feasible if group A is agreed.

	Company 
	Question 2: If an LS is needed, what should its contents be (proponents should include example TPs for the LS)?


	
	Text proposed (e.g. in TP form) for LS to RAN4

	
	

	
	

	
	

	
	


Conclusions: No discussion on this topic. 
4.2 Other Discussion 

Any other discussion should go here.

	Company
	Discussion topic


	
	


Conclusions: No discussion on this topic. 
5. Summary and conclusions
16 proposals were submitted by 5 different companies. However, it seems possible to (roughly) categorize the proposals to following categories: 

A. Directly reducing size of the IEs related to capability signalling

· Proposals #1 and #11 both try to optimize the size of the capability entries (via reducing the size of the Ies or via allowing delta signalling)

B. Optimizing what is included and what is not

· Proposals #2 and #10 share the same idea of “negative” indications

C. Common capabilities for multiple entries

· Proposals #3, #4, #5 , #6, #14 all propose to decouple some capabilities from band combination-specific parameters.

D. Extended possibilities for network-requested capabilities

· Proposals #7, #8, #12, #13, #16 all propose to enhance existing NW-requested capabilities with various features.

E. Implicit support for fallback combinations

· Proposals #9 and #15 both consider implicit suport of fallback combinations.

For reference, this proposed grouping is also shown in the table below.

Table A: Proposed grouping of proposals
	Proposal #(s)
	Group #
	Benefits of the proposal(s)

	1, 11
	A
	Directly reducing size of the IEs related to capability signalling

	2, 10
	B
	Optimizing what is included and what is not

	3, 4, 5, 6, 14
	C
	Common capabilities for multiple entries

	7, 8, 12, 13, 16
	D
	Extended possibilities for network-requested capabilities

	9, 15
	E
	Implicit support for fallback combinations


Based on this grouping, Table B below shows the summary of the proposals in each group along with the identified signalling benefits.
Table B: summary of all proposals
	Group #
	Summary of the proposal 
	Benefits of the proposal(s)

	A
	#1: Referring to CA band combinations via indices to tables in 36.101.
#11: Delta capability signaling together with Proposal #9 [R2-153102].

	The benefits of #1 are large compared to current size of band combination indexes. For #11, it depends on the amount similar entries to which deltas can be used.

	B
	#2: Indicating negative capabilities instead of (or in addition to) positive capabilities

#10: Indicating negative capabilities together with Proposal #9 [R2-153102].

	Savings depend on how many capabilities UE supports or doesn’t support. However, in tehory saving can be up to 100% (i.e. UE that supports all posssible band combinations can indicate there are none it doesn’t support).

	C
	#3: Indicating common capabilities for N-CC band combinations#4: Break out MIMO layer capability from  band combination, and introduce MIMO capabilities as per band capability
#5: CSI processing capability can be signaled as a “per UE”-capability.

#6: A UE baseband processing capability is introduced
#14: Decoupling DL and UL band parameters in one band combination IE
	The proposals save 1-N bits in each signalled band combination since there is no need to repeat the same capabilities. How many bits are saved overall depends on how much repetition can be avoided.

	D
	#7: Extend the network requested capability signaling to indicate a list of requested bands for measurement gap capability reporting for EUTRAN.#8: Extend the network requested capability signaling to support selective request of inter-RAT (UTRAN/GERAN/CDMA2000) capabilities (i.e. supported inter-RAT bands and corresponding capabilities including the measurement gap capability).
#12: Enhanced NW-based CA band combination retrieval [R2-153102 plus additional solutions]
#13: Extending the current network-requested CA capability IE.
#16: Network Request CA band combination signalling

	The proposals save the amount needed by the capabilities that are not required to be indicated every time by the UE. For example, proposal #7 saves 1 bit per band combination whereas proposal #8 saves the full set of inter-RAT capabilities if they are not requested by the eNB. In other cases, the savings depend on which parameters are desired by the eNB and which are not.

	E
	#9: Implicit indication of supported CA band combinations with the fallback requirement [R2-153102].#15: Support of fallback Capability

	For band combinations with many fallback cases (e.g. 4CCs or more), the proposals save repetition of the fallback cases as well as their parameters.  


Based on the estimates for how many bits are saved, groups A, B and E seem to provide the largest theoretical recution in their respective signalling sizes. The group C benefits largely depend on how much repetition there is among the UE capabilities, but allow large reduction when there is a lot of repetition. Finall, the premise of group D has (i.e. network-requested capabilities) was already agreed in RAN2#91 as the baseline for capabilities, so the proposals in this group are clearly in the scope of reductions. Hence, the conclusions seems to be that all groups could provide signalling benefits, but the discussion on which would have the highest priority seems difficult to conclude in this e-mail discussion. Therefore, online discussion and decision on the direction is needed.

Proposal 1: RAN2 to discuss whether it is feasible to adopt solutions according to all groups.

In addition, ASN.1 examples were provided for proposals #1-3 and #9-16. Once the way forward determining which proposals are agreed is decided, the examples can be used as baseline when realizing the capability signalling. 

Proposal 2: Once RAN2 agrees to which signalling reductions are incorporated, use the ASN.1 examples provided here as baseline for implementing the signalling.

Concerning proposal #1, it seems RAN4 input could be needed to understand whether the proposal is feasible. 
Proposal 3: Send LS to RAN4 to verify that the proposal is feasible if group A is agreed.
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