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1.0	Introduction
Newer UEs and eNBs are supporting increasing numbers of CA combinations, making the RRC UE Capability Info message very large (up to 8K bytes), which can cause UEs to fail to attach to the network, failure of SRVCC/PSHO and even cause problems to the UMTS platform creating outages.
While newer UEs are starting to support LTE-A carrier aggregation features such as 4x4MIMO, 4CCA, 5CCA and 6CCA, the number of CA combination and size can increase quickly, especially due to fall back options from higher order CA combination, quickly exceeding the 3GPP limit (128 for R10 UE, 256 for R11 UE, 384 for R12 UE)
This LTE problem has increased in complexity with NR. The 3X NSA dual connectivity architecture has introduced two more additional UE capability categories: – NR capability and MR-DC capability, both containing a large number of CA combinations.
2.0	Discussion
[bookmark: _Hlk519101894]2.1	Message size limitation on RRC, S1AP and SRVCC container
On RRC, PDCP SDU size is 8188 (“8K bytes limit”), which is the maximum for RRC, however it is possible that an eNB vendor might have a size limit on the RRC message. The UE can fail to attach when the size limit is reached on eNB.
S1AP  - An MME vendor may have a size limit on the S1 messages. The UE can fail to attach when size limit is reached on MME.
IRAT/SRVCC - Source to target container – This is used by SRVCC. 3G MCS, SGSN and RNC vendors may have smaller size limitations.
The UE can fail PSHO and SRVCC when size limit reach on MSC, SGSN and RNC. This results in poor voice quality and potential call drops on LTE cell edge.
2.2	UE misses CA subsets
Due to the large amount of CA combinations, a UE may miss subsets in the UE capability message, or intentionally remove some subets to control the message size within the supported range.
2.3	5G NR Capability and MR-DC Capability Issue
The current 3GPP specification[endnoteRef:1] only defines the CA BW class, and therefore it is not clear how UE should communicate an LTE-NR DC combo. Using [1:  3GPP TS 36.101 V15.2.0 “Evolved Universal Terrestrial Radio Access (E-UTRA);
User Equipment (UE) radio transmission and reception”
3GPP TS 38.101-1 V 15.2.0, “NR; User Equipment (UE) radio transmission and reception; Part 1: Range 1 Standalone”
3GPP TS 38.101-2 V 15.2.0, “NR; User Equipment (UE) radio transmission and reception; Part 2: Range 2 Standalone”
3GPP TS 38.101-3 V 15.2.0, “NR;User Equipment (UE) radio transmission and reception; Part 3: Range 1 and Range 2 Interworking operation with other radios”] 

conventional LTE CA combo reporting, there will be long combination lists which would quickly exceed the UE capability message size

3.0	Proposal
Use new boundary parameters to reduce the size of the message. The UE would report LTE CA capability in an LTE CA capability section, and NR CA capability in an NR CA capability section of the UE capability message.

For LTE CA and NR CA capability reporting, the UE lists only the band combinations and uses these new parameters to set the boundary. This includes the use of a short list of boundary parameters. Combinations of selected boundary parameters can be used to derive the exact CA capability thus avoiding having to list all individual CA combinations. 

For MR-DC, LTE and NR UE reporting are decoupled, using a linkage table to indicate how LTE and NR interdependencies are defined, including parameters such as LTE Max MIMO Layer supported, and aggregated NR BW range, which would be mapped to an explicitly defined category.

The RAN can use these  linkage tables to precisely determine UE capability and use the appropriate CA/DC configuration. The RAN and UE would both indicate support of this new method under each RAT Type: eUTRA, NR and MR-DC
3.1	LTE
3.1.1	Existing Method (LTE)
The UE must list all the supported band combinations with pcell and layer indication on each carrier.

Example:
For a UE that supports a 5CCA combo 2A-2A-12A-30A-66A, assuming only B2, B30, B66 can be pcell and can do 4x4mimo. This is repeated up to 3x3=9 times for each carrier, since the pcell for each carrier can do 4 layers. If the release13 UECapabilityEnquiryformat is not supported, the UE has to include all the 3C, 4C combinations and repeat the pcell/scell indication for each band combination with layer information defined for each carrier. Even if the UECapabilityEnquiryformat is supported, UE still cannot skip most of the CA combinations due to the different number of layers supported on each carrier in each band combination.
3.2.1	Proposed Method (LTE)
The UE lists only the band combinations and uses the new parameters to set the boundary. The RAN uses the new parameters to derive the exact list of CA combinations supported by UE.

Boundary parameters include:
1. Maximum number of layers supported by UE on LTE
2. Maximum number of layers supported on each LTE carrier
3. Maximum number of layers supported on the defined band combination (only need when max < combined max)
4. An exclusion list for carrier(s) that cannot be a pcell per defined band combinations
5. A new parameter to indicate the support of this new method on the RAN and UE under the RAT type – eutra (handshake mechanism between UE and RAN)

Example (for UE supporting 5CCA 2A-2A-12A-30A-66A  Only include 1 line of band combination:
· If no exclude pcell list then every band can be a pcell
· If the max number of layers supported on LTE is 10 then 2x2 mimo is assumed
· If max number of layers supported on LTE is 12, then considering the parameter 2 and 3 (above) for any carriers that can be 4 layers.
· All the subset 4C and 3C can be skipped according to parameters 2, 3 and 4 (above).

3.3	NR
3.3.1		Existing Method - NR
The UE lists all the supported band combinations with pcell and layer indication on each carrier. For example, for 8CA n260, contiguous or non-contiguous, 50 or 100MHz, the number of combinations are huge. As long as the UE supports all the combinations with defined max component carrier BW, the RAN can make decision based on the actual configuration.
3.3.2		Prosposed Method - NR

The UE lists only the band (eg n260) and uses new parameters to set the boundary.  RAN uses the parameters to derive the exact list of CA combinations supported by UE.

Boundary parameters include:

1. Max number of component carriers to aggregate
2. Max component carrier BW on NR
3. Fallback BW (smaller) shall be supported
4. Max number of layer supported by UE on NR
5. Max number of layer supported on each NR carrier
6. Support of non-contiguous 
7. New parameter to indicate the support of this new method on RAN and UE under the RAT type – NR

Example:

A UE support up to 8x100 contiguous:
n260 with max number of CA = 8 (range)
n260 with max component carrier BW = 100 (50,100,200,400)
n260 with max number of layer = 16 (range)
n260 Max number of layer on each NR carrier = 2 (range)
Support of non-contiguous = yes (yes, no)

This covers all the scenarios the UE can support and lets the eNB configure according to actual spectrum requirements.

3.3	Proposed method for MR-DC
1. [bookmark: _Hlk519258367]Decouple the LTE and NR UE capability (addressed separately in sections 3.1 and 3.2)
2. For MR-DC, use a new linkage table, (3.3-1) to indicate how the LTE and NR interdependency is defined, including parameters such as LTE Max MIMO Layer supported, and aggregated NR BW range, which can be mapped to explicitly a defined category. 
3. The RAN can use this linkage table to precisely determine the UE capability and use the appropriate CA/DC configuration. 
4. The RAN and UE both indicate support of this method under RAT Type-MRDC

Example: 

1. Category E to H = support up to 4 layer of LTE applicable to this band combo (1C and 2C in LTE) when aggregated NR BW is 400-800Mhz
2. Category C to D = support up to 10 layer of LTE applicable to this band combo (up to 5C in LTE) when aggregated NR BW is 200-400Mhz BW on n260 


	LTE Max MIMO layer
	Aggregated NR BW Range
	category

	4
	700-800
	H

	4
	600-700
	G

	4
	500-600
	F

	4
	400-500
	E

	10
	300-400
	D

	10
	200-300
	C

	16
	100-200
	B

	16
	50-100
	A



Table 3.3-1 MR-DC Linkage

4	Conclusions
Proposal 1:
For LTE: The UE lists only the band combinations and uses the new parameters to set the boundary. The RAN uses the new parameters to derive the exact list of CA combinations supported by UE.


Proposal 2:
For NR: The UE lists only the band (eg n260) and uses new parameters to set the boundary.  RAN uses the parameters to derive the exact list of CA combinations supported by UE.


Proposal 3:
· Decouple the LTE and NR UE capability
· Use a new linkage table to indicate how the LTE and NR interdependency is defined.
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