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1. Introduction
In the recent RAN4 meetings, how to specify UE capability signalling for 256QAM (per UE or per band and per channel bandwidth) was extensively discussed, but not concluded. To prepare the RRC CR including the UE capability for the WI completion, this paper provides an alternative to accommodate both per band and per UE 256QAM capabilities.
NOTE:
This paper is submitted to RAN2/4 for the progress and completion at this meeting.
2. Discussion
2.1. Overview of an alternative
For this capability discussion, it seems that chipset and terminal vendors tend to support per band basis capability while operators and network vendors tend to support per UE basis capability.

There is a trade-off between per UE basis and per band basis capability. It is clear that per band has advantage that terminal vendors can select which bands to support 256QAM based on market demands and product targets such as cost, size and so on. On the other hand, per UE has advantage that the number of capability signaling is minimized so that the signaling overhead can be reduced. In addition, probability to use this 256QAM feature would increase since basically once network introduce this feature, it would be available for every operating band that an operator holds.
There are pros and cons so that it would be chicken-and-egg dilemma. If the per UE basis capability is established, the demand to introduce 256QAM into operators’ network would be increased. In contrast, operators may refrain from introducing 256QAM if the capability is specified per band and not available for their operating bands. 

Another aspect we need to handle is one of the technical concerns raised by vendors. That is challenges to support even higher frequency bands such as 5 GHz than the existing bands. If we select per UE basis capability and if vendors want to make terminals support 256QAM for the existing bands but not for the new band for 5 GHz, then, the terminals also have to satisfy 256QAM requirements for the new band.  It would be an understandable opinion since we are not sure how high frequency bands are coming in the future at this moment. Taking the above discussion into account, the following approach is proposed:

· Alternative: 

· Two separate UE capabilities for 256QAM are specified; one is for lower frequency bands and the other is for the higher frequency bands.

· For the lower frequency bands, the 256QAM capability is specified per UE.

· For the higher frequency bands, the 256QAM capability is specified per band and channel bandwidth.

· The boundary of frequency between the two capabilities is, e.g., 3.8 GHz (to be decided by RAN4]).
Note that we believe that at least there are clear demands up to 3.5 GHz bands in the market. In addition, higher frequency bands are promising candidates to make maximum use of 256QAM feature since they would be deployed in a small cell scenario. Note that the other deployment scenarios are not precluded. Thus, the upper frequency of Band 43 is selected.
Then, we provide for some specific examples by assuming the following assumptive bands.

· TDD band A: 3500-3900 MHz 

· TDD band B: 3900-4300 MHz

· Example 1: Terminals support Band 1, 2, 3 and 42

· One per UE capability is signaled.

· Example 2: Terminals support Band 1, 2, 3, 42 and A

· The following two capabilities are signaled.

· One per UE capability for Band 1, 2, 3 and 42

· One per band capability for Band A is signaled since Band A upper frequency is above 3.8GHz.

· Example 3: Terminals support Band 1, 2, 3, 42, A and B
· The following two capabilities are signaled.

· One per UE capability for Band 1, 2, 3 and 42

· Two per band capability for Band A and B are signaled.

2.2. Proposed UE capability implementation

ASN.1 implementation on the proposed UE capability signalling is shown below.
UE-EUTRA-Capability information element
-- ASN1START

<< skip unchanged part >>
UE-EUTRA-Capability-v12xy-IEs ::=
SEQUENCE {


phyLayerParameters-v12xy


PhyLayerParameters-v12xy



OPTIONAL,

rf-Parameters-v12xy




RF-Parameters-v12xy





OPTIONAL,

rlc-Parameters-r12




RLC-Parameters-r12





OPTIONAL,


ue-BasedNetwPerfMeasParameters-v12xy
UE-BasedNetwPerfMeasParameters-v12xy
OPTIONAL,

ue-Category-v12xy




INTEGER (0)







OPTIONAL,

measParameters-v12xy



MeasParameters-v12xy 




OPTIONAL,

nonCriticalExtension



SEQUENCE {}







OPTIONAL

}

<< skip unchanged part >>
PhyLayerParameters-v12xy ::=


SEQUENCE {


dl-256QAM-LowFreq-r12




ENUMERATED {supported}


OPTIONAL,

e-HARQ-Pattern-FDD-r12




ENUMERATED {supported}


OPTIONAL,


tdd-FDD-CA-PCellDuplex-r12



BIT STRING (SIZE (2))


OPTIONAL,


phy-TDD-ReConfig-TDDPCell-r12


ENUMERATED {supported}


OPTIONAL,


phy-TDD-ReConfig-FDDPCell-r12


ENUMERATED {supported}


OPTIONAL,


pusch-SRS-PowerControl-SubframeSet-r12
ENUMERATED {supported}


OPTIONAL,


csi-SubframeSet-r12





ENUMERATED {supported}


OPTIONAL
}

<< skip unchanged part >>
RF-Parameters-v12xy ::=



SEQUENCE {


supportedBandCombination-v12xy


SupportedBandCombination-v12xy


OPTIONAL,

supportedBandCombinationAdd-v12xy

SupportedBandCombinationAdd-v12xy

OPTIONAL
}

<< skip unchanged part >>
SupportedBandCombination-v12xy ::= SEQUENCE (SIZE (1..maxBandComb-r10)) OF BandCombinationParameters-v12xy
SupportedBandCombinationAdd-v12xy ::= SEQUENCE (SIZE (1..maxBandComb-r11)) OF BandCombinationParameters-v12xy
<< skip unchanged part >>
BandCombinationParameters-v12xy ::=
SEQUENCE {


bandParameterList-v12xy


SEQUENCE (SIZE (1..maxSimultaneousBands-r10)) OF 




BandParameters-v12xy

}

<< skip unchanged part >>
BandParameters-v12xy ::= SEQUENCE {


supportedBW-List-256QAM-HighFreq-r12

SEQUENCE (SIZE (1..maxBW-r12)) OF
SupportedBW-256QAM-HighFreq-r12

}
supportedBW-256QAM-HighFreq-r12



ENUMERATED {nrb6, nrb15, nrb25, nrb50, nrb75, nrb100}
<< skip unchanged part >>
-- ASN1STOP

	UE-EUTRA-Capability field descriptions
	FDD/ TDD diff

	dl-256QAM-LowFreq
Indicates whether the UE supports DL 256QAM for all the supported bands indicated by supportedBandListEUTRA and supportedBandCombination whose upper limit is less than 3.8 GHz.
	Yes

	supportedBW-List-256QAM-HighFreq
Indicates the channel bandwidths for which the UE supports DL 256QAM for each band entry in supportedBandCombination whose upper limit is more than 3.8 GHz. Value nrb6 corresponds to 6 resource blocks of channel bandwidth, nrb15 to 15 resource blocks and so on.
	-


3. Summary and proposal
This paper provided a compromise UE capability implementation for 256QAM. In conclusion, the followings are proposed:
For both RAN2 and RAN4:

Proposal 1:

UE capability signalling for 256QAM is implemented as follows:
· Two separate UE capabilities for 256QAM are specified; one is for lower frequency bands and the other is for the higher frequency bands.
· For the lower frequency bands, the 256QAM capability is specified per UE.
· For the higher frequency bands, the 256QAM capability is specified per band and channel bandwidth.
For RAN4:


Proposal 2:

The boundary of frequency between the two capabilities is 3.8 GHz.

Proposal 3:

The decision should be shared with RAN2 by sending an LS during this meeting.
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