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1. Introduction
In RAN Plenary #67, a new Work Item on UE 4 Rx requirements was agreed, with the objective of defining core and UE performance requirements as described in the WID [1]. The new Work Item scope consists of RF and RRM core requirements, and UE demodulation and CSI requirements. In this contribution, we discuss the UE capability signaling related to rank-4 support in CRS-based transmission modes.   
2. UE categories and DL MIMO capability signaling
CRS-based and DMRS-based transmission modes are within the scope of the 4 Rx work item for PDSCH demodulation requirements. It was also agreed that PDSCH demodulation requirements are defined up to 4 layers, without a specific prioritization on the number of layers. However, RAN1 recently clarified the relation between MIMO capability signaling and UE categories, which effectively rules out rank-3 and rank-4 CRS-based transmission modes for a large number of practical UE categories.
RAN1 discussed a potential ambiguity of interpreting the RRC parameter supportedMIMO-CapabilityDL-r10 [2], and based on the discussion, an LS was sent out to RAN2 [3]. The current wording in TS 36.306 states [4]:
4.3.4.7
supportedMIMO-CapabilityDL-r10

This field defines the number of spatial multiplexing layers in the downlink direction in a certain supportedBandCombination supported by the UE.

The support for more layers in supportedMIMO-CapabilityDL than given by the “maximum number of supported layers for spatial multiplexing in DL” derived from the ue-Category or ue-CategoryDL in the UE-EUTRA-Capability IE is only applicable to transmission mode 9 and transmission mode 10.
RAN1 agreed that the RRC parameters in the above section should be clarified as Rel-8 parameters, i.e. ue-Category (without suffix) and UE-EUTRA-Capability (without suffix). It is RAN1 understanding that rank‑4 support for Rel-8 transmission modes can only be enabled by signaling Rel-8 UE Category 5. However, as specified in Section 4.1 of TS 36.306 [4], for UEs of newer releases it is only allowed to signal Rel-8 UE Category 5 when:
· UE’s Rel-10 Category is 8 (3.0 Gbit/s DL peak rate), or
· UE’s Rel-12 DL Category is 14 (3.9 Gbit/s DL peak rate).
A UE cannot signal rank-4 support for TM3 and TM4, if it is of Category 6, 7, 9, 10, 11, 12 or of DL Category 13. For these UE Categories, rank-3 and rank-4 transmissions can only be enabled for transmission modes 9 and 10. Basically, all the practical UE categories lack rank-3 and rank-4 support for TM3 and TM4. We view that this limitation should be taken into account when designing the 4 Rx UE requirements for CRS-based transmission modes. It does not seem justifiable to define new rank-3 and rank-4 demodulation requirements with TM3 or TM4 which are basically applicable for 5DL CA rank-8 UEs only. 
Observation 1: 

To support rank-3 or rank-4 transmission with CRS-based transmission modes (TM3 and TM4), the UE has to declare Category 5 support.

Observation 2: 

UEs of Category 6, 7, 9, 10, 11, 12 or of DL Category 13 are not allowed to declare Release-8 Category 5.

Based on the observations, it is proposed:
Proposal 1: 

Demodulation or CSI requirements with rank > 2 transmission are not introduced for CRS-based transmission modes during Release-13 4 Rx work item.
It should be noted that in the above discussion, Release-12 UE Category numbering and UL/DL split is considered as per the RAN Plenary #67 agreement in [5].

3. Conclusion 
In this contribution, the limitations of the current UE capability signaling with relation to RAN4 4 Rx work were discussed. Based on the discussion, we made the following observations and proposal:
Observation 1: 

To support rank-3 or rank-4 transmission with CRS-based transmission modes (TM3 and TM4), the UE has to declare Category 5 support.

Observation 2: 

UEs of Category 6, 7, 9, 10, 11, 12 or of DL Category 13 are not allowed to declare Release-8 Category 5.

Proposal 1: 

Demodulation or CSI requirements with rank > 2 transmission are not introduced for CRS-based transmission modes during Release-13 4 Rx work item.
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