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1. Introduction

At the RAN#50 meeting, the following items were agreed upon in [1].
· UE capabilities for DL MIMO and UL MIMO work items will be discussed first in RAN1 at the RAN1#63bis meeting.
· LS will be sent to RAN2

· UE capabilities for CA will be discussed in RAN2.
· RAN2 will prepare an initial proposal regarding UE capabilities covering all Rel. 10 work items for discussion at RAN#51.
It is our view that the UE capability should be discussed considering the necessity (benefits) of features as well as their IOT availability in the expected timeframe of Rel-10 deployments. Use of any FGI bits should be avoided. Thus, in this contribution we conduct grouping of the UL/DL MIMO related features, clarification of the dependency among the grouped features. For each of the grouped features, we provide the following analysis: 
· In terms of necessity of the features, we evaluate the consequence if each grouped feature is not supported. 

· In terms of IOT availability of the feature, we evaluate if eNB needs to know if a particular feature is not supported by the UE, based on the expected consequence if the eNB configures the feature but the UE does not support the feature.

This analysis would help making final decision on Rel-10 UE capabilities in RAN#51.
Proposal: 

· UE capability should be discussed considering the necessity of features as well as their IOT availability in the expected timeframe of Rel-10 deployments.

· RAN1 provides RAN a list of grouped features with the consequence analysis (1) if a particular feature is not supported, and (2) if eNB needs to know if a particular feature is not supported by the UE.
2. UL MIMO features
Release 10 UL-MIMO features and their dependencies are given in Table 1, which is generated based on the following principles:

·    One-layer DM-RS with OCC is an independent feature, which could be optional, while 2 and 4-layer DM-RS with OCC are dependent features of 2 and 4-layer MIMO capabilities. If eNB configures this feature although it is not supported by the UE, PUSCH demodulation will be significantly impacted.
·    One-port aperiodic SRS is an independent feature, which enables efficient UL sounding even for a single antenna UE to reduce the UL sounding overhead especially when the number of UE increases. 2 and 4-port aperiodic SRS are dependent features of 2 and 4-layer MIMO capabilities. If eNB configures this feature although it is not supported by the UE, UE is not able to correctly decode PDCCH.
· The number of supported layers (1, 2, and 4) is an independent feature signaled as a UE capability, which was already agreed in [2] and [3]. Nevertheless, it is clear that 1-layer support is a mandatory feature.

· The Tx diversity features could be dependent on 2 and 4-layer capabilities.
The table also shows our recommendation on whether each grouped feature is mandatory or optional. However, the final decision should be made in RAN.
Table 1: Rel-10 UL MIMO related features and consequence analysis
	Main Feature (Recommendation)
	Sub-features
	Consequence if the feature is not supported
	Need for the NW to know if the feature is supported by the UE

	1-layer DMRS with OCC (Optional)
	SGH disabling
	UL MU-MIMO needs to be applied with the same number of RB allocation among UEs ( Scheduling restriction
	YES

	1-port aperiodic SRS (Mandatory)
	
	Periodic SRS needs to be transmitted. ( Sounding overhead is increased as the number of UE increases.
	YES

	Number of layers

· 1 layer  (Mandatory)

· 2-layers / 4-layers (Optional)
Note: Already agreed


	For 2-layer  / 4-layer capabile UE  
· Transmission mode (TM) 2
· DCI format 4

· DMRS with OCC 
· 2 / 4Tx codebook

· PHICH triggered precoding

· UCI on PUSCH
· DMRS with OCC and SGH disabling

· 2-Tx fall-back (only for 4-layer UE)

· Periodic SRS

· 2 ports for 2-layer UE

· 2 and 4 ports for 4-layer UE

· Aperiodic SRS

· 1 and 2 ports for 2-layer UE

· 1, 2, and 4 ports for 4-layer UE

· Tx-diversity
· SORTD-format1/1a/1b 

· SORTD-format 2 

· [SORTD]-format 1b with channel selection (if supported) 

· SORTD-format 3
	
	YES

Supported number of layer should be known by eNB


3. DL MIMO features

Release 10 DL-MIMO features and their dependencies are given in Table 2, which is generated based on the following principles:

· Rate matching for CSI RS and PDSCH muting is independent features, which should be mandatory for Rel. 10 UEs. Otherwise, there will be significant performance degradation if the PDSCH was scheduled in the CSI RS subframes. 

· The number of supported layers is signaled as a UE capability, which is already agreed in [2] and [3]. Nevertheless, up to 2-layer support could be mandatory features above UE category 2. Otherwise, the peak data rate would be decreased from Rel. 8.
· Transmission mode (TM) 9 enables enhanced MU-MIMO and PDSCH transmission on MBSFN subframes for potential throughput enhancement. On the other hand, TM9 involves several dependent features such as PDSCH demodulation based on DM-RS and CSI measurement based on the CSI RS. Thus, the IOT availability should also be taken into account to decide whether or not to mandate TM9 for all Rel. 10 UE from Category 1 to 8. If eNB configure this feature although it is not supported by the UE, UE is not able to measure the CSI and decode PDCCH and PDSCH correctly.
· 8 Tx MIMO can be an independent feature from TM9 to avoid the IOT problem where 8 Tx MIMO features cannot be tested due to the absence of an 8 Tx network at the initial stage of Rel. 10.

· Ex) If a UE signals the capabilities of  “2 layers” and “TM9,” this ensures the support of 2 and 4 Tx MIMO with the maximum of 2 layers, but 8 Tx MIMO with the maximum of 2 layers is not supported unless the UE signals the additional capability of “8 Tx MIMO.”
Extended feedback modes are dependent features to support 8 Tx MIMO. However, prioritization could be done so that the test efforts are reduced. More specifically,

· For PUCCH mode 1-1, Mode 2 could be given higher priority since the Rel. 8 PUCCH structure can be reused.
· PUSCH mode 2-2, and PUCCH mode 2-1 are given lower priority since they are included in the FGI list in Rel. 8.
Table 2: Rel-10 DL MIMO related features and consequence analysis
	Main feature

(Recommendation)
	Sub-features
	Consequence if the feature is not supported
	Need for the NW to know if the feature is supported by the UE

	Rate matching for CSI-RS and PDSCH muting REs (Mandatory)
	
	Significant performance degradation if PDSCH is transmitted on CSI RS subframes
	YES

	Transmission mode 9 (Mandatory/Optional)
	· DCI format 2C / (format 1, if supported)
· DMRS (up to 4 ports)

· 1 CSI-RS

· 2 CSI-RS

· 4 CSI-RS
· PDSCH on MBSFN subframe
· Rate matching for CSI-RS and PDSCH muting
	CRS-based CQI measurement and demodulation are necessary: 

· MU-MIMO gain is limited.

· PDSCH transmission in MBSFN subframe is not possible.
	YES

	8 Tx MIMO (Optional)

	· 8 Tx codebook 
· 8 CSI-RS
· Choice of PUCCH modes

· PUCCH mode 1-1Mode 1

· PUCCH mode 1-1 Mode 2 
· PUCCH mode 2-1 PTI 0 (FGI in Rel-8)

· PUCCH mode 2-1 PTI 1 (FGI in Rel-8)

· Choice of PUSCH modes
· PUSCH mode1-2 

· PUSCH mode 2-1 (FGI in Rel-8)

· PUSCH mode 3-1
	8Tx beamforming gain is not obtained

	YES

(Supported PUSCH/PUCCH modes should be known)

	Number of layers

· 1 layer  (Mandatory)

· 2 layer (Mandatry above Cat.2)

·  4 /8 layers (Optional)
	For 8-layer UE

· TM9

· 8 Tx MIMO

· DM-RS (up to 8 ports)
	
	


4. Conclusion

In this contribution, we provide our view on UE capability issues for Rel-10 UL/DL MIMO. Our views are summarized as follows:
· UE capability should be discussed considering the necessity of features as well as their IOT availability in the expected timeframe of Rel-10 deployments.

· RAN1 provides to RAN a list of grouped features (in the form shown in Table 1 and 2) with the consequence analysis (1) if a particular feature is not supported, and (2) if eNB needs to know if a particular feature is not supported by the UE.

· UL MIMO main features are identified as follows:
· 1-layer DMRS with OCC
· 1-port aperiodic SRS 

· Number of layers

· DL MIMO main features are identified as follows
· Rate matching for CSI-RS and PDSCH muting REs
· Transmission mode 9

· 8 Tx MIMO

· Number of layers
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