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1 Background
RAN2 received LS from RAN1 in R2-1905505/R1-1905577 indicating the following RAN1 agreements on FD-MIMO capabilities:

	Agreement:
Adopt the following baseband capability signalling for Rel-13 FD-MIMO:
For a UE configured with FD-MIMO, for a band combination for which the UE does not report FD-MIMO capabilities, a configuration related to a set of CCs is supported by the UE if the following inequality is met

where 
-  is the maximum number of DL layers configured for CC  
· 
·  is the “total number of weighted layers” the UE can process
Notes: 
· Legacy capability signalling can still be used after this capability is introduced (to e.g. signal a subset of supported band combinations).
· Detailed design of the capability signalling is left to RAN2




In the LS, RAN1 requests RAN2 to introduce following parameters in UE capability signalling (per UE):
	-  Relative weight of processing FD-MIMO with {2, 4, 8} layers with respect to non-FD-MIMO with the same number of layers.  has a range of 
	-  “Total number of weighted layers”, which is an integer between 2 and 128. 
2 Description of the problem
The current UE capability signalling to indicate the support of Rel-13 FD-MIMO is as follows (from TS 36.331):
MIMO-UE-Parameters-r13 ::=				SEQUENCE { 
	parametersTM9-r13						MIMO-UE-ParametersPerTM-r13		OPTIONAL,
	parametersTM10-r13						MIMO-UE-ParametersPerTM-r13		OPTIONAL,
	srs-EnhancementsTDD-r13					ENUMERATED {supported}			OPTIONAL,
	srs-Enhancements-r13					ENUMERATED {supported}			OPTIONAL,
	interferenceMeasRestriction-r13			ENUMERATED {supported}			OPTIONAL
}

MIMO-UE-ParametersPerTM-r13 ::=			SEQUENCE { -- Per UE per TM
	nonPrecoded-r13							MIMO-NonPrecodedCapabilities-r13	OPTIONAL,
	beamformed-r13							MIMO-UE-BeamformedCapabilities-r13	OPTIONAL,
	channelMeasRestriction-r13				ENUMERATED {supported}				OPTIONAL,
	dmrs-Enhancements-r13					ENUMERATED {supported}				OPTIONAL,
	csi-RS-EnhancementsTDD-r13				ENUMERATED {supported}				OPTIONAL
}

MIMO-CA-ParametersPerBoBC-r13 ::=		SEQUENCE { 
	parametersTM9-r13						MIMO-CA-ParametersPerBoBCPerTM-r13		OPTIONAL,
	parametersTM10-r13						MIMO-CA-ParametersPerBoBCPerTM-r13		OPTIONAL
}

MIMO-CA-ParametersPerBoBCPerTM-r13 ::=	SEQUENCE { -- Per BoBC per TM capability
	nonPrecoded-r13							MIMO-NonPrecodedCapabilities-r13	OPTIONAL,
	beamformed-r13							MIMO-BeamformedCapabilityList-r13	OPTIONAL,
	dmrs-Enhancements-r13					ENUMERATED {different}				OPTIONAL
}

Based on the above, the UE currently can signal the support of FD-MIMO per band of band combination per TM. 
Note that the processing of a component carrier with FD-MIMO requires more computational complexity than a non-FD-MIMO carrier. In many cases, a UE may support a larger number of total (non-FD-MIMO) carriers than FD-MIMO carriers. Also, the number of total FD-MIMO/non-FD-MIMO carriers supported by the UE in a certain band combination for a certain TM may depend on the number of layers configured in each of the carriers.
For example, consider the case where the UE supports 5 CC (assume inter-band for simplicity) with 4 layers without FD-MIMO. However, once FD-MIMO is to be configured on one or more of the CCs, the capability will be restricted in terms of number of layers that the UE can process. As a result, the UE may support the following combinations.
1. 5CC x 4 layers with no FD-MIMO
2. 4CC with 4 layers without FD-MIMO + 1 CC with 2 layers FD-MIMO
3. 3CC with 4 layers without FD-MIMO + 2 CC with 2 layers FD-MIMO
4. 3CC with 4 layers without FD-MIMO + 1 CC with 4 layers FD-MIMO
In the above, take for example #2. The “1 CC with 2 layers FD-MIMO” can be one of the 5 bands. Similarly, in #3, 2CCs with 2 layers FD-MIMO can be any combination of 2 CCs out of 5 CCs. Therefore, the possible combinations of bands exponentially grow quickly – just to report the restricted capabilities of the one band combination once FD-MIMO comes into play. 
In order to signal all these combinations, one possibility is that the UE repeats the same band combination several times to include all the possible combinations of baseband parameters, as shown in Table 1 below.
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In current specification, the maximum number of band combinations that can be reported is 384 (from TS 36.331, maxBandComb-r13 INTEGER ::= 384). It can be seen from the example above that this maximum number of band combinations can be quickly exhausted by signaling the FD-MIMO parameters for a few RF band combinations with a large number of carriers. Thus, a solution is needed for this problem.
Observation 1: The current capability signaling for FD-MIMO results in impractical overhead to express a baseband capability limitation.

3 RAN1-agreed solution
RAN1 followed a similar approach as the capabilities for different numerologies for FeMBMS (See R1-1808998), where the baseband capability of the UE is explicitly mentioned. RAN1 agreed to a procedure to determine (with reduced overhead) whether an FD-MIMO configuration for a set of carriers is within the envelope of the UE.
The relative weight of baseband processing for a CC configured with FD-MIMO depends on the maximum number of DL MIMO layers of spatial multiplexing configured for that carrier. The rule for capability signalling is then defined as:

where 
-  is the maximum number of DL layers configured for CC  
· 
·  is the “total number of layers” the UE can process

Thus, the UE only needs to signal at most four new parameters (per UE, not per BoBC per TM):   and , which would greatly reduce the overhead needed to report support of FD-MIMO.
RAN1 agreed for the value range for  as  and  as integer between 2 and 128.
If the UE signals these parameters (which are defined per UE), and if the UE does not report FD-MIMO capabilities for a given band combination, then the FD-MIMO capabilities signalled in MIMO-UE-ParametersPerTM-r13, MIMO-UE-ParametersPerTM-v1430 are applicable to a subset of the CC in the band combination, if the configuration meets the inequality above.
Note this does not preclude the usage of the legacy signalling, as confirmed also by RAN1 LS. For example, the UE could signal a subset of the supported combinations via legacy signalling for compatibility with legacy eNBs (but such eNB may not be able to configure some combinations due to incomplete information). 
Observation 2: RAN1 has agreed on a solution for this problem as indicated in the LS. RAN2 needs to enable the signalling as requested by RAN1.
4 Example of applicability
For the case in Section 2, the UE will signal  and .  For the cases below, this translates into the following inequalities:
1. 5CC x 4 layers with no FD-MIMO  UE is not configured with FD-MIMO, so inequality is considered satisfied.
2. 4CC with 4 layers non-FD-MIMO + 1 CC with 2 layers FD-MIMO  
3. 3CC with 4 layers non-FD-MIMO + 2 CC with 2 layers FD-MIMO  
4. 3CC with 4 layers non-FD-MIMO + 1 CC with 4 layers FD-MIMO 
5. 5CC x 4 layers with FD-MIMO     This is not supported by the UE.

Just by applying the inequality, the eNB can derive that the UE supports #1-#4 but does not support #5.

5 Summary
As described above, RAN1 has discussed the issue of “capability explosion” when the UE reports FD-MIMO capabilities. And consequently, RAN1 has agreed to a solution and sent LS to RAN2 requesting to implement the signalling for the solution. 
RAN2 needs to enable the signalling as requested by RAN1. The sourcing company has provided corresponding RAN2 CRs (for TS 36.331 and TS 36.306) in [1]-[6] for agreement.

References
[1] R2-1906016, UE capability signalling for FD-MIMO processing capabilities, Qualcomm Incorporated, Rel-13, 36.331
[2] R2-1906017, UE capability signalling for FD-MIMO processing capabilities, Qualcomm Incorporated, Rel-14, 36.331
[3] R2-1906018, UE capability signalling for FD-MIMO processing capabilities, Qualcomm Incorporated, Rel-15, 36.331
[4] R2-1906019, UE capability signalling for FD-MIMO processing capabilities, Qualcomm Incorporated, Rel-13, 36.306
[5] R2-1906020, UE capability signalling for FD-MIMO processing capabilities, Qualcomm Incorporated, Rel-14, 36.306
[6] R2-1906019, UE capability signalling for FD-MIMO processing capabilities, Qualcomm Incorporated, Rel-15, 36.306



1/2
