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1. Introduction

This document discusses remaining issues on UE category and capability that should be clarified before finalizing Rel-10 specification. This contribution first reviews the current status on UE category and capability discussion. Table 1 shows the UE category table for Rel-10. Table 2 shows a proposal on the rate matching parameter Nsoft that is being discussed in the email discussion after RAN1#64. Table 2 shows that the rate matching parameter varies according to the UE category, which implies that limited buffer rate matching (LBRM) pattern changes accordingly. Figure 1 shows the RRC signaling structure of UE category information from a UE to an eNB. Particularly, a Rel-10 UE can signal two categories to the network; one is Rel-8/9 compatible category (Cats 1-5) and the other is new categories defined in Rel-10 (Cats 6-8). When a Rel-10 UE accesses to the Rel-8/9 network, the eNB interprets only Rel8/9 compatible part ue-Category that indicates one of Cats 1-5.

Table 1: Rel-10 UE categories (TS36.306)
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Table 2: Example of eNB rate matching parameters
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	UE-EUTRA-Capability information element
UE-EUTRA-Capability ::=


SEQUENCE {


・・・・


ue-Category






INTEGER (1..5),


・・・・
}

UE-EUTRA-Capability-v10xy-IEs ::=
SEQUENCE {


ue-Category-v10xy




INTEGER (6..8)






OPTIONAL,


・・・・
}




Figure 1: RRC signaling structure of UE category information from a UE to eNB (TS36.331)
2. Issues to be discussed
2.1 Category combinations of the Rel8/9 and Rel-10 parts
LS from RAN4 (R4-112222/R1-111306) concludes that a Rel-10 UE must signal category combinations that lead to consistent support of uplink 64QAM. For example, a Rel-10 Cat 6/7 UE can only signal Rel-8 Cat 1-4 and a Rel-10 Cat 8 UE can only signal Rel-8 Cat 5. In order to maximize the performance of Cat 6/7 UE in the legacy network, the UE should be connected to the legacy network as Cat 4. From performance view points, there is no benefit for a Rel-10 Cat 6/7 UE to signal Rel-8 Cat 1-3. Thus, the category combination could further be restricted as follows.
Proposal:
A Rel-10 Cat 6/7 UE can signal only Rel-8 Cat 4.

2.2 Support of 4 layers with CRS (TM3/4)

In R1-110779, the IoT issue of TM3/4 with 4 layers for Cat 6/7 UE is discussed. Note that currently, FGI is defined for TM9, but no FGI is defined for TM3/4. There would be two solutions.

· Solution 1: Define FGI for TM3/4 with 4 layers.

· Solution 2: Support more than 4 layer downlink MIMO only by TM9.

2.3 Ambiguity of LBRM pattern
As explained in Section 1, a Rel-10 UE can signal a Rel-8/9 category (Cats 1-5), and the Rel-10 category (Cats 6-8). Since the LBRM pattern can change according to each category, the UE needs to know whether the UE should follow LBRM pattern of the Rel8/9 category or that of the Rel-10 category. One simple solution is described as follows.
· Solution 1: UE should follow LBRM pattern of the Rel-10 category, when the UE is configured with Rel-10 functionalities, such as carrier aggregation (i.e, more than two CCs) or TM9, and otherwise the UE follows LBRM pattern of Rel-8/9 category.

This solution may have some disadvantages depending on the final decision of Section 2.2, and Section 2.3. Here are some examples.
· Example 1: If the Rel-10 UE is allowed to signal a category combination of Cat 6 and Cat 3, even in the Rel-10 network supporting CA if the number of configured CCs is one, UE follows the LBRM pattern of Cat 3, which will compromise the performance of a single CC.
· Example 2: If the downlink 4-layer MIMO can be supported by TM3/4 as well as TM9 for Cat 6/7 UE, when the Rel-10 network configures TM3/4 to the Rel-10 UE that supports Cat 6 with 4 layers and Cat 4 without CA, the UE follows the LBRM pattern of Cat 4 since neither TM9 nor CA is configured. This will impact the performance of single CC.

To solve the performance degradation, another solution is described as follows.
· Solution 2: eNB signals to the UE as which category the UE is connected to the network. In above example 1, Rel-10 network informs the UE whether the UE follows the LBRM pattern of Cat 6 or that of Cat 3. The Rel-8 network does not signal this information and then the UE assumes to follow the LBRM pattern for Cat.3.
Depending on the outcome of the discussion on rate matching parameters, possible combinations, and TM3/4 with 4 layer support, how to handle the LBRM ambiguity problem should be clarified in the spec. 
3. Summary
This contribution discussed some of the remaining issues of Rel-10 UE category that need to be clarified before finalizing the Rel-10 specifications, which are summarized as follows.
· Category combination signaling should have the following restriction.

· Proposal: A Rel-10 Cat 6/7 UE should signal only Rel-8 Cat 4.
· If the IoT of TM3/4 with 4 layers for Cat 6/7 UE is potential issue, the following two solutions could be discussed:
· Solution 1: Define FGI for TM3/4 with 4 layers.

· Solution 2: Support 4-layer downlink MIMO only by TM9.

· In order for the Rel-10 UE to know whether to follow the LBRM pattern of Rel-8/9 category or that of Rel-10 category, following solutions could be considered. 
· Solution 1: UE should follow LBRM pattern of the Rel-10 category, when the UE is configured with the Rel-10 functionalities of carrier aggregation (i.e, more than 1 CC) or TM9. Otherwise, the UE follows LBRM pattern of Rel-8/9 category.

· Solution 2: The Rel-10 eNB signals to the UE as which category the UE is connected to the network. The Rel-8 network does not signal this information, and then the Rel-10 UE assumes to follow the LBRM pattern of Rel-8/9 category.
Depending on the outcome of the discussion on rate matching parameters, possible combinations, etc, how to handle the LBRM ambiguity problem should be clarified in the spec. 
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