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1. Introduction

This contribution discusses how to report UE capability for Rel-14 DL MUST. Following MUST capability fields were agreed and captured in the LS [1]:

	#
	Feature Group
	Components
	Note

	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
	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.

	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
	

	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
	

	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
	

	7-5
	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
	


A note for RAN4’s further study is MUST capability indication considering multiple carriers. 
2. Discussion
In this section we share our views on the capability indication for each MUST feature group.

· Feature 7-1

MUST Case1&2 may demand tighter Rx EVM requirement than that for conventional 64/256QAM transmission. Such a requirement may not be equally achievable for all frequency bands. Thus it is not feasible to have a common capability indication for all bands. A per band based indication is preferred. 

Proposal 1: MUST capability indication of feature group 7-1 is per band based.

Before discussing remaining sub-features, we would like first discuss the feature group definitions for 7-2 to 7-5. It is clear described that the sub-features are defined based on capability of receiving assistance information, e.g., up to 1 layers or up to 3 layers, but not based on the capability of actual interference cancellation in decoding PDSCH. For examples, 

· A UE may claim feature 7-4, but will actually cancel only one single layer when decoding PDSCH.

· A UE may be informed by the assistance information for one single layer, but try to blindly detect the interference on other layers and then to cancel (or suppress) the interference.

As a result, the feature definitions have no direct implication on UE’s MIMO interference cancellation capability.

Observation 1: The feature definitions of 7-2 to 7-5 have no direct implication on UE’s MIMO interference cancellation capability.
Since a direct connection between the feature definition and UE’s cancellation or MIMO capability is missing, we would like to propose a reference UE behavior as a common understanding to both UE and network sides, in order to proceed to the discussion on feature list and test case design:
	UE is not expected to jointly decode the total number of spatial layers higher than the MIMO capability claimed on that component carrier.


Note that the total number of spatial layers is the sum of the number of layer of desired PDSCH and the number of interfering layer to be cancelled by UE. With this understanding, UE’s behavior is expectable to the network, when the total number of spatial layers is no higher than UE’s MIMO capability. 

Proposal 2: UE is not expected to jointly decode the total number of spatial layers higher than the MIMO capability claimed in that component carrier.

On the other hand, how each interfering spatial layer is to be handled by UE is left to UE implementation when the following conditions happen:

1. Network co-schedules PDSCH with multiple spatial layers so that the total number of spatial layers exceeds the MIMO capability claimed on that component carrier
2. Network provides the assistance information of multiple spatial layers, such that the sum of the number of layers of desired PDSCH and the number of interfering layers with assistance information exceeds the MIMO capability claimed on that component carrier
With above common understanding, it would be easier to discuss both feature list and test case design for MUST Case 3. 

· Feature 7-2

With the aid of network’s signaling on the presence/MOD of co-channel interference, no additional blind detection is required. The receiver processing cost is no higher than that for processing rank-2 SU-MIMO. (Actually, it is lower, because the channel decoding of the 2nd codeword is not needed.) So, the legacy MIMO capability indication already reflects UE’s MIMO processing capability for in MUST feature group 7-2. Thus per UE indication is suitable for feature group 7-2.
Proposal 3: MUST capability indication of feature group 7-2 is common for all bands.  

· Feature 7-3

The only difference between feature group 7-2 and 7-3 is TM8/9 vs.TM10. One bit indication is sufficient to indicate either having the same capability as feature group 7-2 or no support.
Proposal 4: For feature group 7-3, a single bit is sufficient to indicate either having the same capability as feature group 7-2 or no support.

· Feature 7-4

Different from Feature 7-2, baseband processing cost for feature 7-4 is higher than that for rank-2 SU-MIMO due to the channel estimation for up to 3 interfering DMRS ports. In our opinion, even if UE is only capable to cancel 1 additional interfering layer, it still needs to perform DMRS channel estimation for at most 3 ports in order to choose the suitable layer for cancellation. In this case, the MUST complexity highly depends on the number assistance information provided by network, the number of Rx antennas used by UE and also the total aggregated bandwidth among multiple component carriers. A common per-UE indication for all bands may lead to a heavy burden for UE’s implementation, e.g., UE needs to support MUST in all activated CCs. This will lead to inefficient usage of UE’s baseband processing resource when not all CCs are MUST-enabled simultaneously.
Allowing UE to indicate it’s capability for multiple possible band combinations is more flexible for both network side and UE side than a common per-UE indication for all bands. Per band combination based indication had been introduced in Rel-12 NAICS. A combination of {numberOfNAICS-CapableCC, numberOfAggregatedPRB} had been defined in 36.306 for Rel-12 NAICS capability signaling. UE shall report a capability list to indicate all supporting combinations for each band combination. It was also specified that “NAICS is supported over the full carrier bandwidth” to exclude the case where UE is performing NAICS over partial bandwidth of the carrier. 
Assume that we define the UE capability similar to that for NAICS as {numberOfMUST-CapableCC, numberOfAggregatedPRB}. MUST is network-centric. Network can determine which CCs that MUST operates on according to the MUST capability of a UE, and then provide corresponding RRC configuration and control signaling supporting MUST operation. Network does not expect to configure the UE in a way to exceed the UE’s aggregated capability indicated by numberOfAggregatedPRB. For example, if {2CC, 100PRB} is reported in the case with 20MHz+20MHz, network should determine which CC is to be MUST enabled. Network can assume the UE will apply MUST over the entire bandwidth of a MUST configured CC.

Proposal 5: MUST capability indication of feature group 7-4 for a band combination is indicated as a combination of numberOfMUSTCapableCC and numberOfAggregatedPRB.

· Feature 7-5

The only difference between feature group 7-4 and 7-5 is TM8/9 vs.TM10. One bit indication is sufficient to indicate either having the same capability as feature group 7-4 or no support.
Proposal 6: For feature group 7-5, a single bit is sufficient to indicate either having the same capability as feature group 7-4 or no support.

3. Conclusion
Regarding the remaining issue on MUST capability indication, we have the following proposals:
Proposal 1: MUST capability indication of feature group 7-1 is per band based.

Proposal 2: UE is not expected to jointly decode the total number of spatial layers higher than the MIMO capability claimed in that component carrier.

Proposal 3: MUST capability indication of feature group 7-2 is common for all bands.  

Proposal 4: For feature group 7-3, a single bit is sufficient to indicate either having the same capability as feature group 7-2 or no support.

Proposal 5: MUST capability indication of feature group 7-4 for a band combination is indicated as a combination of numberOfMUSTCapableCC and numberOfAggregatedPRB.

Proposal 6: For feature group 7-5, a single bit is sufficient to indicate either having the same capability as feature group 7-4 or no support.
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1. Overall Description:

In RAN4#82b meeting, RAN4 has discussed the feature list for MUST and reaches the following conclusions:

· MUST capability indication of feature group 7-1 is per band based.

· MUST capability indication of feature group 7-2 is common for all bands.  

· For feature group 7-3, a single bit to indicate either having the same capability as feature group 7-2 or no support.

· MUST capability indication of feature group 7-4 for a band combination is indicated as a combination of numberOfMUSTCapableCC and numberOfAggregatedPRB.

· For feature group 7-5, a single bit to indicate either having the same capability as feature group 7-4 or no support.

· UE is not expected to jointly decode the total number of spatial layers higher than the MIMO capability claimed in that component carrier.

2. Actions:

To RAN WG1 and WG2

ACTION: RAN4 kindly asks RAN1 and RAN2 to take the above conclusions into considerations for further discussions in MUST feature list. 
3. Date of Next TSG-RAN WG4 Meetings:
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