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1 Introduction

In RAN2#72bis [1], the RRC signaling structure of UE capability and the meaning of UE category have been extensively discussed. The current status is summarized as the following:

a. Agreed that UE can claim a certain category as long as one of the bands/band-combinations could meet the required processing power.

b. FFS on whether the MIMO capability indicated by UE category is required to be supported by all the bands/band-combinations. 

c. Agreed that Rel-10 UE separately signals its DL and UL MIMO capabilities in a band-specific way. The signaling overwrites the MIMO capabilities implied in UE category; 

d. Agreed that Rel-8/9 or Rel-10 UE with Cat 1 to 5 will use “ue-Category” IE to signal its category [2];

e. Agreed that Rel-10 UE with Cat 6 to 8 will use “ue-Category” IE to signal its Rel-8/9 category (for backward compatible purpose), and use “ue-Category-v10xy” IE to signal its Rel-10 category [2]; 

In the sections below, we further clarify our views on the FFS in b and how Rel-10 UE should interpret and signal its category.
2 Discussion
2.1 Backward compatibility
In Rel-10, DL MIMO capability can be signaled in a band-specific way. This is different from Rel-8/9, in which the DL MIMO capability is implied in the UE category signaling and is band-agnostic. Hence, the backward compatibility needs to be carefully addressed. We think there are two alternatives to ensure the backward compatibility.

2.1.1 Alt 1:

RAN1 and RAN4 have reached the following agreements to ensure the backward compatibility to Rel-8/9:

· In Aug 2010, RAN4 has agreed (R4-103417, Agreement 3) that “The support of number of DL spatial multiplexing layers implied by the Rel-8/9 category should be band agnostic. Optional signalling of increased number of spatial multiplexing layers support in band specific manner is added. It is also proposed that RAN4 would further discuss what would be the acceptable way forward to signal the number of supported spatial multiplexing layers.” 

· In Nov 2010, RAN1 has agreed the details of REl-10 UE category [3], in which the Rel-8/9 category has been kept intact and the new Rel-10 Cat 6-8 has been specified. The updated UE category has been captured in 36.306 a00.

Based on these RAN1 and RAN4 agreements, the point b and point c from RAN2#72bis should be clarified as “the DL MIMO capability indicated by UE category shall be supported by any bands/band combinations. The optional “increased number” of MIMO layer can be signaled in Rel-10 in a band-specific way. The signaling overwrites the DL MIMO capabilities implied in UE category.” Furthermore, the RAN2#72bis’s agreement point d/e is sufficient to signal the UE category of the Rel-10 UE which declares its category according to this clarification.

Hence, “Alt 1” can be summarized as the following:

· Rel-10 Cat 1-5 UE has one category in Rel-8/9 and Rel-10;

· Rel-10 Cat 6-8 UE has separate Rel-8/9 and Rel-10 categories;

· Rel-10 UE can declare a particular category only if the implied number of DL MIMO layer in that category is supported by any bands/band combinations;

· Rel-10 UE can optional signal the “increased number” of DL MIMO layers it supports in the band-specific way; 

Table 1 show that based on Alt 1, how a Rel-10 UE can declare its UE category:

Table 1Alt 1-based Rel-10 UE Category Signaling
	Case#
	DL Capabilities
	UL
	UE Category

	
	DL Max. # of TB bits per TTI
	Minimum # of DL MIMO layer supported in any band/band combinations
	64QAM
	Cat indicated in Rel-8/9 IE
	Cat indicated in Rel-10 IE

	1
	10296
	1
	No
	Cat 1
	N/A

	2
	51024
	2
	No
	Cat 2
	N/A

	3
	102048
	
	No
	Cat 3
	N/A

	4
	150752
	
	No
	Cat 4
	N/A

	5
	299552
	4
	Yes
	Cat 5
	N/A

	6
	301504
	2/4
	No
	Cat 4
	Cat 6

	7
	301504
	4
	Yes
	Cat 5
	Cat 5/6

	8
	301504
	2/4
	No
	Cat 4
	Cat 7

	9
	301504
	4
	Yes
	Cat 5
	Cat 5/7

	10
	2998560
	8
	Yes
	Cat 5
	Cat 8


2.1.2 Alt 2:

Some concerns have been raised during RAN2#72bis discussion on how to handle the discrepancy between the supported MIMO capability in a lower frequency spectrum, e.g. 450MHz, and the supported MIMO capability in a higher frequency spectrum, e.g. 2GHz, if both bands are to be supported on the same device. It is expected that supporting higher number of MIMO layers would be more challenging in the lower frequency bands than in the higher frequency bands. With Alt 1, the lower freq band’s DL MIMO capability determines this UE’s category value. This leads to unnecessary restrictions on how such a UE could signal its MIMO support in the higher freq bands, as shown in table 2. It can be observed that besides “case 18”, the UE category signaling cannot represent UE’s capability in the higher bands. 

Table 2 Limitation of Alt 1-based Rel-10 UE Category Signaling
	Case#
	DL Capabilities
	Alt 1

	
	
	UE Category

	
	DL Max. # of TB bits per TTI
	DL MIMO layers supported in lower freq bands
	DL MIMO layer supported in any other band/band combinations
	Cat indicated in Rel-8/9 IE
	Cat indicated in Rel-10 IE

	11
	51024
	1
	2
	Cat 1
	N/A

	12
	102048
	
	
	Cat 1
	N/A

	13
	150752
	
	
	Cat 1
	N/A

	14
	299552
	1
	4
	Cat 1
	N/A

	15
	301504
	1
	2/4
	Cat 1
	N/A

	16
	2998560
	1
	8
	Cat 1
	N/A

	17
	299552
	2
	4
	Cat 4
	N/A

	18
	301504
	2
	4
	Cat 4
	Cat 6/7

	19
	2998560
	2
	8
	Cat 4
	Cat 6/7

	20
	2998560
	4
	8
	Cat 5
	Cat 5/6/7


To solve this issue, we can look at “Alt 2”: 

· Rel-10 UE signals its Rel-8/9 and Rel-10 categories separately; UE’s Rel-8/9 category strictly follow the Rel-8/9 band-agnostic UE category definition;
· Rel-10 UE is allowed to signal both “increased number” and “decreased number” of DL MIMO layers in the optional Rel-10 signaling;

This alternative is backward compatible and more flexible to allow UE to indicate its Rel-10 DL MIMO capability in a band specific way. However, Alt 2 implies that in some bands, a UE is allowed to support a lower number of DL MIMO layers than the default MIMO layer value of its declared category. This seems to contradict with RAN4’s agreement that the default MIMO layer value of Rel-8/9 category shall be supported by any band. In addition, for Cat 1-5 UE, the separate Rel-8/9 and Rel-10 category signaling of Alt-2 is not supported by current RAN2 signaling agreement. 
Table 3 shows how Rel-10 UE can better signal its capability in Rel-10 using Alt 2:

Table 3 Alt-2 based Rel-10 UE Category Signaling
	Case#
	DL Capabilities
	Alt 1
	Alt 2

	
	
	UE Category
	UE Category

	
	DL Max. # of TB bits per TTI
	DL MIMO layers supported in lower freq bands
	DL MIMO layer supported in  other band/band combinations
	Cat indicated in Rel-8/9 IE
	Cat indicated in Rel-10 IE
	Cat indicated in Rel-8/9 IE
	Cat indicated in Rel-10 IE(with additional signaling of decreased number of layer in the lower bands)

	11
	51024
	1
	2
	Cat 1
	N/A
	Cat 1
	Cat 2 

	12
	102048
	
	
	Cat 1
	N/A
	Cat 1
	Cat 3

	13
	150752
	
	
	Cat 1
	N/A
	Cat 1
	Cat 4

	14
	299552
	1
	4
	Cat 1
	N/A
	Cat 1
	Cat 5

	15
	301504
	1
	2/4
	Cat 1
	N/A
	Cat 1
	Cat 6/7

	16
	2998560
	1
	8
	Cat 1
	N/A
	Cat 1
	Cat 8

	17
	299552
	2
	4
	Cat 4
	N/A
	Cat 4
	Cat 5

	18
	301504
	2
	4
	Cat 4
	Cat 6/7
	Cat 4
	Cat 6/7

	19
	2998560
	2
	8
	Cat 4
	Cat 6/7
	Cat 4
	Cat 8

	20
	2998560
	4
	8
	Cat 5
	Cat 5/6/7
	Cat 5
	Cat 8


2.1.3 Summary:

· “Backward compatibility”:  We think Alt 1 and Alt 2 are quite comparable. 

· “Applicability”: Alt 1 is simple and works fine in most cases. Alt 2 provides more flexibility to allow a Rel-10 UE to inform the network its minimum DL MIMO capability (via Rel-8/9 UE category field) in certain bands and its support of higher category in other bands, if the UE implementation chooses to do so. RAN1 and RAN4’s views on the importance and likelihood of such implementation cases, i.e. #11-20 in table 2 and 3, are needed.

· “Minimum DL MIMO requirements”: Alt 2 implies that the DL MIMO capability indicated in the Rel-10 UE category may not be supported across the bands. RAN4 and RAN1’s views on this aspect are needed.  

Proposal 1: Agree that both Alt 1 and Alt 2 are backward compatible;
Proposal 2: Agree to select either Alt 1 or Alt 2, based on RAN1 and RAN4 feedbacks;

Proposal 3a: If Alt 1 is selected: 
· It should be clarified that “the DL MIMO capability indicated by UE category shall be supported by any bands/band combinations. The optional “increased number” of MIMO layer can be signaled in Rel-10 in a band-specific way. The signaling overwrites the DL MIMO capabilities implied in UE category”;

Proposal 3b: If Alt 2 is selected: 
· The agreed Rel-10 UE category signaling should be extended to allow Rel-10 UE to signal its Rel-8/9 and Rel-10 categories separately;
· The DL MIMO capability indicated by UE’s Rel-8/9 category shall be supported by any band/band combination. 
· It should be discussed whether the DL MIMO capability should be included in Rel-10 UE category at all;

· If the DL MIMO capability is to be included in Rel-10 UE category definition, it should be clarified that “the DL MIMO capability indicated by UE’s Rel-10 category shall be supported by at least one bands/band combinations. The optional “decreased number” and “increased number” of MIMO layer can be signaled in Rel-10 in a band-specific way. The signaling overwrites the DL MIMO capabilities implied in UE category”;
2.2 Cat 5 in Rel-10

A Rel-8 Cat 5 UE is required to support 4-layer DL MIMO and UL 64QAM with the corresponding processing requirements. In theory, it is possible that a UE fully compliant to Cat 5 in Rel-8 is dimensioned with more baseband power to reach Cat 6 or Cat 7’s processing requirements, even though Cat 6 and Cat 7 is not required to support UL 64QAM. In our view, such UE basically supports both Cat 5 and Cat 6/7. It could be left to UE implementation to decide which Rel-10 category such UE claims. If the UE claims itself a Rel-8 Cat 5 and Rel-10 Cat 6 or Cat 7, it could be left to the Rel-10 network implementation to decide how to treat such device, e.g. whether to schedule UL 64QAM to such device or not. 

Proposal 4: Agree that it is up to UE and eNB implementations to handle the case that UE supports both Cat 5 and Cat 6/7.

3 Conclusion

In this paper, we discussed the the backward compatibility issue and UL 64QAM support in Rel-10 UE category and CA/MIMO capbility signaling. It is proposed that:

Proposal 1: Agree that both Alt 1 and Alt 2 are backward compatible;
Proposal 2: Agree to select either Alt 1 or Alt 2, based on RAN1 and RAN4 feedbacks;
Proposal 3a: If Alt 1 is selected:
· It should be clarified that “the DL MIMO capability indicated by UE category shall be supported by any bands/band combinations. The optional “increased number” of MIMO layer can be signaled in Rel-10 in a band-specific way. The signaling overwrites the DL MIMO capabilities implied in UE category”;

Proposal 3b: If Alt 2 is selected: 
· The agreed Rel-10 UE category signaling should be extended to allow Rel-10 UE to signal its Rel-8/9 and Rel-10 categories separately;
· The DL MIMO capability indicated by UE’s Rel-8/9 category shall be supported by any band/band combination.
· It should be discussed whether the DL MIMO capability should be included in Rel-10 UE category at all;
· If the DL MIMO capability is to be included in Rel-10 UE category definition, it should be clarified that “the DL MIMO capability indicated by UE’s Rel-10 category shall be supported by at least one bands/band combinations. The optional “decreased number” and “increased number” of MIMO layer can be signaled in Rel-10 in a band-specific way. The signaling overwrites the DL MIMO capabilities implied in UE category”;
Proposal 4: Agree that it is up to UE and eNB implementations to handle the case that UE supports both Cat 5 and Cat 6/7.

4 References

[1] R2-11xxxx, “Draft Report of 3GPP TSG RAN WG2 meeting #72bis,” ETSI MCC, January 2011.

[2] R2-110604, “Introduction of CA/MIMO capability signalling and measurement capability signalling in CA,” Ericsson, ST-Ericsson, January 2011.

[3] R2-106864, “LS on UE categories,” RAN1, November 2010.
