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1. Introduction
The Rel-14 MUST UE feature list was agreed by RAN1 WG and captured in [1]:
Table 1. MUST UE feature list

	#
	Feature group
	Components
	Prerequisite feature groups 

	7-1
	MUST Case 1 & Case 2 in TM2/3/4 using up to 2Tx
	1. Superposed PDSCHs are transmitted using the same transmission scheme and the same spatial precoding vector in TM3/4 using up to 2Tx
2. Superposed PDSCHs are transmitted using the same transmit diversity scheme in TM2 using up to 2Tx
	None

	7-2
	MUST Case 3 in TM8/9 with assistance information for up to 1 interfering layer
	1. Superposed PDSCHs are transmitted using the same transmission scheme, but different spatial precoding vectors in TM8/9 with assistance information for up to 1 interfering layer
	None

	7-3
	MUST Case 3 in TM10 with assistance information for up to 1 interfering layer
	1. Superposed PDSCHs are transmitted using the same transmission scheme, but different spatial precoding vectors in TM10 with assistance information for up to 1 interfering layer
	None

	7-4
	MUST Case 3 in TM8/9 with assistance information for up to 3 interfering layers
	1. Superposed PDSCHs are transmitted using the same transmission scheme, but different spatial precoding vectors in TM8/9 with assistance information for up to 3 interfering layers
	7-2

	7-5
	MUST Case 3 in TM10 with assistance information for up to 3 interfering layers
	1. Superposed PDSCHs are transmitted using the same transmission scheme, but different spatial precoding vectors in TM10 with assistance information for up to 3 interfering layers
	7-3


RAN1 could not reach consensus on the UE capability signalling method and it was recommended to continue discussions in RAN4 [1]:

	RAN4 will discuss if it is per band or common for all bands. 

The maximum number of carriers simultaneously supported by MUST to be decided by RAN4.

RAN1 can't reach a consensus and RAN4 may discuss whether a possible signaled value of maximum number of carriers simultaneously supported by MUST is CA band combination specific or not.


In RAN4 82bis, initial discussions on the MUST UE capabilities took place, however no conclusions could be reached. In this paper we provide our views on the UE capability signalling assumptions.
2. Discussion
In terms of UE implementation all introduced MUST UE features are related to the baseband receive processing and imply increased processing complexity comparing to the legacy mode operation. In particular, MUST Case 1 support requires enhanced de-mapper algorithms that may require more baseband processing, and MUST Case 3 requirements will be based on the R-ML reference receiver, which has larger complexity comparing to the conventional linear MMSE. Hence, the MUST features are typical baseband UE capabilities and their support at the UE side may depend on multiple factors that contribute to the UE processing complexity such as:
· Total number of supported CCs and BW of each CC

· Number of CCs and BW of each CC determine the max amount of processed REs/PRBs at the UE side. Depending on implementation in order to satisfy the hardware processing constraints UE may enable/disable one or multiple MUST features depending on the number of CCs and total BW. For example it can enable it for the case 2 or 3 CC operation but disable it for the case of 4 CC operation. 
· Number of MIMO layers and RX antennas supported for each CC

· Number of MIMO layers and RX antennas are the other main drivers of UE implementation complexity (especially for the case of using R-ML receivers) and to allow flexible UE implementations it is desirable to allow enabling/disabling MUST support depending on the number of supported MIMO layers.
· Set of other baseband features supported on the same carriers (e.g. multiple CSI processes, NAICS, FD MIMO, etc)
· Depending on implementation UE may potentially not be able to support all the baseband computational heavy features simultaneously and should be allowed to signal different sets of MUST capabilities depending on the set of other supported features.
Observation #1: MUST features are baseband related capabilities and not RF related
Observation #2: Possibility of MUST features support may depend on
· Number of supported CCs and BW of each supported CC

· Number of MIMO layers and RX antennas for each CC

· Simultaneous support of other baseband features (e.g. TM10, FD MIMO, NAICS)
The majority of the respective parameters are currently signalled in a “per band per CA band combination” way. Hence, in order to allow flexible signalling MUST UE capabilities signalling should follow the same principles and MUST features should be reported to the eNB with a similar “per band per CA band combination” granularity. 
Observation #3: Number of supported CCs, BW of each supported CC, number of MIMO layers are currently signalled with “per band per CA band combination” granularity
As described in the companion paper [2], RAN2 WG is currently discussing possible optimizations for UE capability signalling and aim enhance TM-10/FD-MIMO capability signaling taking into account that the related features are actually not RF related and do not depend on the particular supported bands. In general, MUST UE capabilities are expected to be very much like TM10 and FD-MIMO case. So, in principle similar type of capability signalling enhancements as for TM10 and FD-MIMO capabilities signalling may be considered for MUST. Therefore we think that it is important to provide RAN2 a more detailed set of information and keep the final decision on the signalling method up to RAN2 and avoid duplicated work efforts in RAN2 and RAN4. In particular, the following information is recommended to be provided to RAN2:

· MUST features 7-1, 7-2, 7-3, 7-4, 7-5 are baseband capability and not RF capabilities
· Support of MUST capabilities depends on 
· Number of supported carriers, and
· Bandwidth within each supported carrier, and
· Number of MIMO layers within each supported carrier
· UE should be able to report different combinations of the MUST and other baseband UE capabilities. 

· The capability signalling should allow UE to provide to eNB information on the support of different sets of MUST capabilities at least for some of the above listed parameters.

· The exact capability signalling is up to RAN2
· In case no signalling enhancements are introduced, MUST features shall be signalled with per band per CA band combination granularity

3. Conclusions

In this contribution, we have provided our views on the MUST UE capabilities framework. In summary we make the following proposal.
Proposal #1:
Provide the following information to RAN2 on MUST UE capabilities

· MUST features 7-1, 7-2, 7-3, 7-4, 7-5 are baseband capability and not RF capabilities

· Support of MUST capabilities depends on 

· Number of supported carriers, and

· Bandwidth within each supported carrier, and

· Number of MIMO layers within each supported carrier

· UE should be able to report different combinations of the MUST and other baseband UE capabilities. 

· The capability signalling should allow UE to provide to eNB information on the support of different sets of MUST capabilities at least for some of the above listed parameters.

· The exact capability signalling is up to RAN2

· In case no signalling enhancements are introduced, MUST features shall be signaled with per band per CA band combination granularity
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