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Discussion and Decision
1      Introduction
In the current 3GPP LTE UE capability reporting, there are a set of parameters that can be reported for TM-10 and FD-MIMO. Per 3GPP specification, there parameters are reported for each band in every carrier aggregation (CA) band combination that the UE supports. In this contribution, we discuss a potential enhancement of TM-10 and FD-MIMO UE capability signaling. 
2      Discussion
These TM-10 and FD-MIMO parameters are in many cases, dependent only on baseband resources and not RF specific resources. And these baseband resources (e.g. on-chip memory to save the soft symbols) get used up in different ways based on the number of component carriers (rather than the actual bands of these carriers) configured as part of carrier aggregation (CA). 
Observation 1: TM-10 and FD-MIMO parameters are dependent only on baseband capability not RF capability. 
From UE implementation point of view, a particular UE should be able to supports different set of TM-10 and FD-MIMO parameters purely based on the number of carriers in CA and not dependent on the actual bands in band combinations. 

For example, the UE can support 8 CSI-RS process for 1 CC and 1 CSI-RS process for 1CC. In case of CA 1A-3A, the UE should be able to support the following two cases. 

· 8 CSI-RS process in 1A, 1 CSI-RS process in 3A

· 1 CSI-RS process in 3A, 8 CSI-RS process in 1A 

Observation 2: if the UE can support a certain TM-10/FD-MIMO capabilities in one band combination, the UE likely supports same TM-10/FD-MIMO capabilities regardless of frequency band in the same band combination. 
In order to indicate such capability, this UE still has to repeat the same set of TM-10/FD-MIMO parameters for each band in the same band combination. If the UE does not repeat this for each band, then the TM-10/FD-MIMO parameters will be applicable only to the one reported band in a band combination, while the rest of the bands will miss out of these features. In the above example, the UE needs to signal twice of band combinations for 1A-3A to indicate 8CSI-RS process in 1A and 8CSI-RS process in 3A. Otherwise, 8 CSI-process capability can be used only either in 1A or 3A. 
On the other hand, repeating the same configuration for each band in every band combination will increase the LTE capability size by several orders of magnitude. 

This can result in:
· The NW not being able to handle such big sizes
· The transmission of this capability message might get interrupted on low speed connections (3.4kBps SRB in 3G) due to the capability transfer timer expiry

Any issues like these will result in the NW not getting the UE capability and so not being able to provide service to the mobile.   
On the other hand, if the current UE cannot report the large capability which comes out by repetition due to size limitation, the UE has to select only a subset of the total capabilities it can report to the network, thereby not advertising its full potential. This can negatively affect the UE to the extent of missing out on the entire features.

Observation 3: the UE repeats the same band combinations in UE capability signaling if the UE can support different set of TM-10 and FD-MIMO capabilities, which increases UE capability signaling dramatically. 

3      Seperation of TM-10/FD-MIMO capabilities
In order to fully utilize UE capability related to physical layer capability while minimizing signaling overhead, one potential way is to identify the potential baseband capabilities in TM-10/FD-MIMO which are currently associated with RF capabilities but where these capabilities can also get changed purely based on baseband resources, and list them separately also in the baseband capabilities (per UE) sorted out based on the generic RF capabilities (number of CA component carriers and the number of MIMO layers). 

The following shows ASN.1 signalling structure for the basedband capability set. 

MIMO-TM10-UE-Parameters-PHY-r13 ::= SEQUENCE (SIZE (1.. maxMIMO-TM10-Variation-Size)) OF MIMO-TM10-Variation-Parameters-r13 OPTIONAL => a set of differnet baseband capability parameter
MIMO-TM10-Variation-Parameters-r13 ::= SEQUENCE (SIZE (1.. maxSimultaneousComponentCarriers-r13)) OF MIMO-TM10-Variation-CC-Parameters-r13 OPTIONAL => the number of CCs (CA order) in variation  

MIMO-TM10-Variation-CC-Parameters-r13 ::= SEQUENCE {


supportedMIMO-CapabilityDL-r13

MIMO-CapabilityDL-r10  OPTIONAL, => the numebr of MIMO layer

supportedCSI-Proc-perUE-r13

 
ENUMERATED {n1, n3, n4} OPTIONAL, => TM10 capability

mimo-Per-BoBC-PHY-Parameters-r13 
MIMO-CA-ParametersPerBoBC-r13 OPTIONAL => FD-MIMO capability
}

This approach still keeps the existing logic where these capabilities are still present in RF section (i.e. band combination), but in addition have the option for the UE to make use of the new baseband capability set to list those feature capabilities that change based on baseband resources alone.
The CA order (the number of CCs) and the number of MIMO layers can be viewed as the common input parameter for which a different set of physical layer capabilities can be listed. That means that the UE may support different capabilities for the physical layer capabilities if the common input parameter of the number of CA carriers and the number of MIMO layers change. The NW can then go through the list of physical layer parameters and find the entry that matches the CA carrier order and/or the number of MIMO layer that the network intends to use, and configure the UE with the entry.

The network does not have to be concerned about the band information within the carriers if the UE has not provided this information in the RF capabilities section in the band combination. But if the UE has provided additional physical capabilities information in the RF capabilities section (using the existing 3GPP reporting method), then per the new proposal, these capabilities can override the physical layer capabilities defined in per UE capabilities. Nevertheless, TM-10 and FD-MIMO operation is explicitly configured. Therefore, there is no ambiguous between the UE and the eNB. 
Proposal 1: A new baseband capability set which is per UE signaling should be introduced to indicate TM-10/FD-MIMO capabilities.

Proposal 2: The new baseband capability is indexed by the combination of CA order (number of component carriers) and MIMO layers.

The following table shows an example of MIMO-TM10-UE-Parameters-PHY-r13. Each entry is one of MIMO-TM10-UE-Parameters-PHY-r13, which is in MIMO-TM10-Variation-Parameters-r13. 
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This can be depicted using the below picture which shows the advantage of not repeating per band, the same capabilities.
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4      Conclusion
In this contribution, we discussed a potential enhancement of TM-10 and FD-MIMO UE capability signaling.
Proposal 1: A new baseband capability set which is per UE signaling should be introduced to indicate TM-10/FD-MIMO capabilities.

Proposal 2: The new baseband capability is indexed by the combination of CA order (number of component carriers) and MIMO layers.

If the above proposals are agreeable, we propose to agree the companion CR for TS36.331 provided in [1].
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