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1. Introduction
In previous LTE Releases requirements for different UE Advanced Receiver features were introduced. So far, all of these requirements have been defined for each feature separately. There are some proposals to combine some of these features with CA and define the requirements for different numbers of CCs. In these paper we discuss some problems that arise when the concurrencies of these features are not taken into account and the need to address them. 
2. Discussion
In previous LTE releases several advanced UE receiver features were introduced. In RAN4 there are requirements for MMSE-IRC, SU-MIMO, CRS-IM, PDCCH-IM, RML(NAICS) and 4Rx. For the purpose of this paper we consider 4Rx an advanced receiver feature since it can bring significant performance improvements over the 2Rx baseline performance. Some UE features are considered also together with CA (MIMO layers, CSI-RS process number, NAICS capability) while others are per UE from a capability point of view. 
Currently, there are some proposals to extend some of the performance requirements to CA. For example, 4Rx with CA or CRS-IM with CA. These proposals are just suggesting to extend the currently defined single carrier test cases to multiple CCs while maintaining the same requirement per CC. However, no other combination of features besides CA together with one type of advanced receiver is considered. In reality, the UE may implement more features even for a single CC (e.g. PDCCH-IM and NAICS) or it may choose to use different features on different CCs depending on the performance it could obtain(e.g. use NAICS on a CC where this maximizes the gain and CRS-IM on another CC that is lightly loaded).
Observation 1: Advanced receiver features are only considered separately or together with CA.
The fact that the concurrency of different features is not considered leads to several problems. First of all, the true UE capabilities are not properly tested and this could lead to underutilization of processing resources. A UE might not fully utilize all the available resources because the capability framework does not enable this or there is no way to test the performance. In addition, the existing UE capability signalling is designed in such a way that the UE has to support all advertised features concurrently. This would mean that UE implementations sometimes have to choose not to declare support for a feature because it cannot be used simultaneously with other advertised features.
Observation 2: UE may not fully utilize its processing resources because of the capability framework that does not include concurrencies.
As stated above, so far only CA together with some advanced features was considered. This generally leads to a capability framework where separate features are tied to some CCs within a CA combo, however, there could be multiple combinations corresponding to the same CA combo and there may not even be any way for the network to distinguish between them. For example, for a 5DL/1UL(total of 500 RBs) CA combination, the UE could support different capability combination as shown below:
1. NAICS on 300 RBS, CCH-IM on 3 CCs, CRS-IM on 2 CCs

2. NAICS on 200 RBs, CCH-IM on 4 CCs, CRS-IM on 3 CCs

3. NAICS on 100 RBs, CCH-IM on 5 CCS, CRS-IM on 5 CCs

If the assistance data is the same for different features (e.g. CCH-IM and CRS-IM have the same assistance data) then the network should provide this data on all the CCs where at least one feature is supported and might not even know which feature is used by the UE.
It should be noted that the above example did not consider different MIMO layers or CSI-RS capabilities. If all the possible combinations of features are included, the UE could have a large number of combination of capabilities just for a single CA combo. Considering that a UE can support 100s of combinations, the size of the capabilities becomes unmanageable. 

Observation 3: Defining capabilities per CA combo per CC leads to an unmanageable number of capability combinations.

Furthermore, the current capability and testing framework does not allow the UE to change between different capability sets. In order to maximize the performance, the UE could choose to enable different features depending on the conditions. For example, it may choose to use 2Rx+NAICS on a certain carrier instead of 4Rx if the throughput is higher for this combination. Enabling a framework where the UE can switch between different sets of features to maximize performance is also desirable from a network point of view because it maximizes the network capacity. 
Observation 4: Current framework does not allow the UE to switch between different features to maximize the performance.

In order to address the problems highlighted above, a new framework of tests with concurrencies together with new capability signalling should be introduced. For testing, there could be single carrier tests for each separate feature to establish the baseline performance, and tests with multiple features enabled that stress the UE processing capability to guarantee that the performance is maintained. Also, some tests to ensure that the UE is properly switching between different features based on the environment would be needed. The capability signalling should allow the UE to advertise the feature concurrencies it supports and to switch between these different sets.

Observation 5: A new framework of tests with concurrencies and capability signalling to allow the UE to switch between different sets of features is needed.

It should be noted that some of these features are transparent to the network (UE provides channel feedback to the network that takes into account the feature enabled at that point) while some need explicit signalling for the network to know what the UE uses. These aspects could be taken into account to simplify the signalling. 

Proposal: A new framework (performance tests and signalling) should be considered together with new features advanced receiver features or when tests of existing features are extended to CA. 
3. Conclusion

In this paper we discussed some problems related to advanced receiver feature concurrencies and the current capability signaling framework. The following observations were made:

Observation 1: Advanced receiver features are only considered separately or together with CA.
Observation 2: UE may not fully utilize its processing resources because of the capability framework that does not include concurrencies.
Observation 3: Defining capabilities per CA combo per CC leads to an unmanageable number of capability combinations.

Observation 4: Current framework does not allow the UE to switch between different features to maximize the performance.

Observation 5: A new framework of tests with concurrencies and capability signalling to allow the UE to switch between different sets of features is needed.

Based on these observations we present the following proposal:
Proposal: A new framework (performance tests and signalling) should be considered together with new features advanced receiver features or when tests of existing features are extended to CA.
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