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1. Introduction
In RAN plenary 50, RAN1 has tasked to discuss the DL and UL MIMO capability in Rel-10 in RAN1-63bis [1]. In this contribution, we share our views on this topic.
2. Discussion
The Rel-10 UE category and UE capability for CA and MIMO have been discussed in different working groups [2] – [4]. The conclusions related to UE capability on MIMO are:

· UE categories for Rel-10 should be defined in terms of the maximum data rates, and the CA capability and MIMO capability should be signaled separately [2].
· The maximum number of UL layers and DL layers (where applicable) supported by the UE should be signaled as UE capabilities [2]
· For the newly defined Rel-10 UE categories (UE cat 6-8 below), if this is a single value for all supported bands or band-dependent is a RAN4 decision

· Limitation in the applicable values for a given UE category is a RAN4 decision
· Existing UE categories (UE cat 1-5) can be extended in Rel-10 with this signaling to support UL MIMO

· The signaling range defined in RAN2 should cover the whole range of layers supported in the RAN1 specifications
· Existing UE categories (cat 1-5) can be extended (reinterpreted) in Rel-10 by additional signaling of [2]:
· The maximum number of supported UL layers 

· This value can be single value or band-specific value depending on RAN4 decision

· The number of supported CCs (depending on support for CA and if supported, CA band combinations)

· See Appendix for initial set of combinations between the number of CCs/bandwidths and the number of layers that satisfy the maximum data rates at each category
· Newly defined Rel-10 UE categories are complemented by the signaling of [2]

· The maximum number of supported DL and UL layers 

· This value can be single value or band-specific value depending on RAN4 decision

· The number of supported CCs (depending on support for CA and if supported, CA band combinations)

· See Appendix for initial set of combinations between the number of CCs/bandwidths and the number of layers that satisfy the maximum data rates at each category

· DL MIMO layer capability per frequency band should be explicitly signalled along with CA bandwidth class for each CA-band supported. [3]

· For non CA bands, or for scenarios where there is only one CC on a frequency band, DL MIMO layer capability per frequency band should also be explicitly signalled. [3]

· UL MIMO layer capability per frequency band should be explicitly signalled along with CA bandwidth class for each CA-band supported. [3]

· For non CA bands, or for scenarios where there is only one CC on frequency band, UL MIMO layer capability per frequency band should also be explicitly signalled. [3]
· The following Rel-10 UE categories in Table 1 are agreed [4] 
Table 1: New UE category in Rel-10
	UE category
	Max. Data rate

(DL / UL)

(Mbps)
	DL
	UL

	
	
	Max. num.of DL-SCH TB bits
per TTI
	Max. num. of DL-SCH 
bits 

per TB

per TTI for (max # of supported DL layers)
	Total num. of soft channel bits
	Max. num. of UL-SCH TB bits per TTI
	[Max. num. of UL-SCH bits
per TB

per TTI] 
	Support for 64QAM 

	Category 6
	DL 300 Mbps / 

UL 50 Mbps
	301504
	149776 

(4 layers)

75376 

(2 layers)
	3667200
	51024
	51024
	No

	Category 7
	DL 300 Mbps /  UL 150 /100 Mbps
	301504
	149776 

(4 layers)

75376 

(2 layers)
	3667200
	150752/
102048 (Up-to RAN4)
	75376/51024 (Up-to RAN4)
	Yes/No

(Up-to RAN4)

	Category 8
	DL 3000 Mbps / 

UL 1500 Mbps
	2998560
	299856

(8 layers)
	35982720
	1497760
	149776
	Yes


With the above agreements, the supported DL and UL MIMO layers for each non-CA or CA band shall be explicitly signaled by a UE as its UE capability. In the following, we discuss other related aspects on Rel-10 DL/UL MIMO UE capabilities.
2.1. DL MIMO
In this section, we discuss the following aspects related to DL MIMO features in Rel-10:
· 8 Tx codebook

· Transmission mode 9

· CSI-RS

For UEs supports 8 layer transmission in DL, it is clear that all three above features shall be supported. For UEs does not supported 8 layer transmission in DL, if 8 Tx codebook is not supported by the UE, then the following possibilities can occur:

· Alt1: The UE cannot be configured in TM9 if the network configures more CSI-RS ports than the number of DL layers supported by the UE; otherwise, the UE can be configured in TM9

· Alt2: The UE can be configured in TM9 irrespective of the number of network configured CSI-RS ports. In case the network configures more CSI-RS ports than the number of DL layers supported by the UE, the UE shall perform a specified antenna ports virtualization over the CSI-RS ports for CSI reporting purpose.

Alt1 is not preferable since it restricts the application of TM9 in Rel-10 networks with 8 CSI-RS ports. Alt2 is acceptable if the corresponding antenna ports virtualization at UE for CSI reporting is specified; otherwise, 8 Tx codebook shall be made mandatory for Rel-10 UEs.
Transmission mode 9, compared to transmission mode 8, provides the following new features:

· Support of more than 2 layer transmission with UE specific reference signal

· Support of unicast PDSCH transmission in MBSFN subframes

· Support of precoding PRB bundling

· Support of CSI-RS

These new features provide meaningful improves of TM9 over TM8. Hence, it is preferable that TM9 is mandatory for all Rel-10 UEs.

For CSI-RS in Rel-10, CSI-RS muting is specified in addition to the case of CSI-RS without muting. CSI-RS muting improves the CSI reporting accuracy. Hence, it is preferable that CSI-RS muting is mandatory for all Rel-10 UEs.
In summary, for DL MIMO related Rel-10 UE capability, we have the following preferences:

· 8 Tx codebook mandatory for all Rel-10 UEs, or antenna ports virtualization at UE for CSI reporting is specified if the number of supported DL transmission layers is less than the number of configured CSI-RS ports in the network

· TM9 is mandatory for all Rel-10 UEs

· CSI-RS, including CSI-RS muting, is mandatory for all Rel-10 UEs

2.2. UL MIMO
In this section, we discuss the following aspects related to UL MIMO features in Rel-10:

· PUCCH SORTD

· ACK/NAK and RI transmission on multiple layers

· PUSCH/PUCCH/SRS power control with multiple UL antenna ports
· OCC of DM RS

· Aperiodic SRS

· Non-consecutive PUSCH resource allocation

PUCCH SORTD provides link budget gains or inter-cell interference reduction. In addition, with PUCCH SORTD, the PUCCH transmission scheme on each UL antenna port is the same as that of single antenna port, which does not require significant redesign of UE implementation. Hence, it is preferable that PUCCH SORTD is mandatory for Rel-10 UEs supporting multiple transmission layers in UL. Similarly, ACK/NAK and RI transmission mapped to multiple UL layers shall also be mandatory for Rel-10 UEs supporting multiple UL transmission layers. Corresponding, UL power control shall follow the same approach.

For OCC of DM RS, it is noted that OCC of DM RS can be applied to Rel-10 UEs supporting single transmission layer in UL, in the context of MU-MIMO operation. Hence, it is preferable that OCC of DM RS is mandatory for all Rel-10 UEs.

Aperiodic SRS provides a means of reducing the overhead of periodic SRS, given that SRS is transmitted by the UE upon the request of eNB. It is noted that aperiodic SRS following the same design of periodic SRS in Rel-8, which makes the support of aperiodic SRS straightforward from implementation perspective. Hence, it is preferable that aperiodic SRS is mandatory for all Rel-10 UEs.

For UEs supporting multiple transmission layers in UL, PUSCH transmission mode 2 can be configured. DCI format 0 and 4 shall be supported for UEs configured in PUSCH TM2. Although DCI format 0 and 4 are also used for non-consecutive PUSCH resource allocation, it is understood that non-consecutive PUSCH resource allocation is not essential for UEs supporting multiple transmission layers in UL. In addition, support of non-consecutive resource allocation requires significant new UE implementation, due to RAN4 requirements. Hence, it is preferable that non-consecutive PUSCH resource allocation is optional for all Rel-10 UEs.
In summary, for UL MIMO related Rel-10 UE capability, we have the following preferences:

· For UEs supporting multiple transmission layers in UL, the following features are mandatory:

· PUCCH SORD

· ACK/NAK and RI transmission on multiple layers

· PUSCH/PUCCH/SRS power control with multiple UL antenna ports

· OCC of DM RS is mandatory for all Rel-10 UEs

· Aperiodic SRS is mandatory for all Rel-10 UEs

· Non-consecutive PUSCH resource allocation is optional for all Rel-10 UEs

3. Conclusion
In this contribution, we discuss the Rel-10 UE capability related to DL/UL MIMO, with the following preferences:

For Rel-10 DL MIMO related features

· 8 Tx codebook mandatory for all Rel-10 UEs, or antenna ports virtualization at UE for CSI reporting is specified if the number of supported DL transmission layers is less than the number of configured CSI-RS ports in the network

· TM9 is mandatory for all Rel-10 UEs

· CSI-RS, including CSI-RS muting, is mandatory for all Rel-10 UEs

For Rel-10 UL MIMO related features

· For UEs supporting multiple transmission layers in UL, the following features are mandatory:

· PUCCH SORD

· ACK/NAK and RI transmission on multiple layers

· PUSCH/PUCCH/SRS power control with multiple UL antenna ports

· OCC of DM RS is mandatory for all Rel-10 UEs

· Aperiodic SRS is mandatory for all Rel-10 UEs

· Non-consecutive PUSCH resource allocation is optional for all Rel-10 UEs
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