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1
Introduction 
In RAN1#88, an LS [1] was sent to RAN4 about Rel-14 feature list. One table is captured from [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
	


On the other hand, in RAN1#88b, a reply LS [2] was agreed to be sent to both RAN2 and RAN4, suggesting that TM10 and FD-MIMO are candidates to be dependent only on baseband capability and not RF capability. The LS is captured as below:
	RAN1 would like to thank RAN2 for their LS on TM-10/FD-MIMO UE capability signalling. 

RAN1 observes that the following TM-10/FD-MIMO parameters can be candidates to be dependent only on baseband capability and not RF capability:

-
supportedCSI-Proc-r11

-
nonPrecoded-r13

-
beamformed-r13

-
dmrs-Enhancements-r13

-
csi-ReportingNP-r14

-
csi-ReportingAdvanced-r14

-
hybridCSI-r14

-
semiOL-r14

RAN1 does not expect impacts on RAN1 specifications if support for the above listed capability parameters are each considered as baseband capabilities.

It is further RAN1 understanding that at least some of the above listed TM-10/FD-MIMO parameters can be defined considering the following:

-
number of supported carriers, and

-
bandwidth within each supported carrier, and

-
number of MIMO layers

Finally, RAN1 thinks it is up to RAN2 and RAN4 on whether these capabilities are signalled as baseband capabilities.


In last RAN4 meeting (#82b), MUST capability was discussed offline, but online consensus was not reached. Concerns were raised such as 
· Whether MUST is also a pure baseband feature 
· Whether to reply RAN2 and RAN1 with similar format as R1-1706856 
· How RAN2 will defined capability signaling based on RAN4’s input 

· Whether to jointly consider other features together in the reply LS 

In this contribution, we discuss how RAN4 can reply RAN1 and RAN2 on the issue of MUST capability. 

2
Discussion
In this section, we provide our view on above concerns.  

1.
Whether MUST is also a pure baseband feature
MUST is a WI targeting cancelling for superposed interference with same or different precoder(s). From UE’s receiver point of view, such an interference cancellation operation can be generally regarded as pure baseband. In other words, the support of MUST should not be affected by which frequency band/carrier.

One possible issue is on feature 7-1, in which tighter Rx EVM requirements than that for conventional 64/256QAM transmission may be needed. One may have the concern that 7-1 could be band-dependent, because same requirement may not be equally achievable for all frequency bands. However, testing MUST near UE with 64QAM is already agreed to be precluded in the test scope. This situation becomes very similar to that of 256QAM (256QAM is a per-UE capability. But RAN4 agreed to use low-level MCSs in the test to avoid the Tx/Rx EVM issue.) In this sense, it is fine to indicate feature 7-1 as per-UE.
Proposal 1: all MUST features 7-1, 7-2, 7-3, 7-4 and 7-5 are dependent only on baseband capability and not RF capability.

2.
Whether to reply RAN2 and RAN1 with similar format as R1-1706856 and how RAN2 will defined capability signaling based on RAN4’s input
Since MUST is a baseband feature, it is necessary to inform RAN2. So that capability signaling can be better optimized. 
However, there are still some concerns regarding R1-1706856. For examples: 

1. There are still lots of combinations of {# of supported CCs, bandwidth within each CC, # of MIMO layers in each CC}. Considering a 5 CC case, each CC may be 2 or 4 layer and may be 1.4 MHz, 3 MHz, 5 MHz, 10 MHz, 15 MHz, or 20MHz. This will lead to (layer number x bandwidth)(CC number)=(2x6)5 combinations. If the support of MUST is to be indicated under each combination, the overhead will still be significant.

2. Number of configured CCs is needed. Similar to what mentioned in [4], the total baseband processing budget to supporting MUST in only 1 CC (assuming 100 PRBs for all CCs) in 2 CC CA is different from that in 3 CC CA. For example, under limited baseband process resource, UE may be able to support 1 CC with MUST under 2 CC CA, but cannot support any CC with MUST under 3 CC CA. Therefore, in addition to the number of supported carriers, the number of configured CCs is also a key parameter that affects the support of MUST.
Observation 1: In addition to the number of supported carriers, the number of configured CCs is also a key baseband parameter that affects the support of MUST.

3. It is unclear how RAN2 will specify capability signaling, if RAN4 replies the LS following the same structure of R1-1706856. For an example, RAN4 may consider different incremental complexities for the following 2 cases.

Case A. 
Incremental complexity of supporting a 4-layer CC with MUST over supporting a 4-layer CC without MUST 

Case B. 
Incremental complexity of supporting a 2-layer CC with MUST over supporting a 2-layer CC without MUST

However, whether RAN2 will notice this difference and how the difference will be addressed in the capability signaling are unclear from R1-1706856. In our opinion, it is better for RAN4 to come out a clear structure/table of the signaling. Then RAN2 can simply implement the signaling based on the structure/table. In this way, we can minimize potential misunderstanding during cross-WG communication. 
Proposal 2: it is better for RAN4 to come out a clear structure/table of the signaling. Then RAN2 can simply implement the signaling based on the structure/table. 

3.
Whether to jointly consider other features together in the reply LS 

Since the proposal of how to combine MUST with other features in the reply LS is still unclear to us. We suggest to handle MUST reply LS alone. If the proposal becomes available, we are fine to have further discussion. Of course, RAN4 needs to first reach the consensus on whether to combine MUST with other features.

Proposal 3: Handle MUST reply LS alone in this meeting, if no consensus on combining with other features in the reply LS is reached.

3
Proposal

In this section, we bring our proposal of the capability signaling design. We first discuss some general principles, and then the signaling design is provided in Table 2 based on RAN4’s understanding. The exact signaling is up to RAN2’s design. 
Discussion on general principles:

A. Since there are 5 MUST feature groups 7-1, 7-2, 7-3, 7-4 and 7-5. It is straightforward to have 5 independent tables. Different feature groups can share the same structure of the table. Table 2 provides a summary of the dependency of feature groups 7-2, 7-3, 7-4 and 7-5. Note that during online discussion in last RAN4 meeting, it was commented that it is better to have independent signaling for TM8/9 and TM10. However, the relation between up to 1-layer assistance information and up to 3-layer assistance information was not discussed. On this issue, we think it is still more suitable to have independent tables because that the complexity of supporting 7-2 on a 4-layer CC is not the same as that of supporting 7-3 on a 4-layer CC. In the later case, UE is expected to have the capability of cancelling more than 1 interfering PDSCHs.

Table 1. MUST feature groups 7-2, 7-3, 7-4 and 7-5
	
	assistance information for up to 1 interfering layer
	assistance information for up to 3 interfering layer

	TM8/9
	7-2
	7-4

	TM10
	7-3
	7-5


Proposal 4: Five independent tables with the same structure to be indicated by MUST feature groups 7-1, 7-2, 7-3, 7-4 and 7-5.

B. UE first reports a table of a feature group to network. When CA/MIMO condition changes, e.g., one or more CC(s) activated or de-activated, the table provides rules on how UE should change its supporting on that feature group. For example, a UE is now configured with one single CC. The UE reported the capability of 1 CC with MUST under 1 CC, but zero CC with MUST under 2 CC CA. Then, network knows how UE will behave when configuring one more CC to the UE, without additional signaling. 

Proposal 5: UE first reports a table of a feature group to network. When CA/MIMO condition changes, the table provides rules on how UE should change its supporting on that feature group.

C.
In each CC, MUST is enabled or disabled through RRC. More specifically, network can enable MUST on a CC by configuring must-Config-r14, and disable MUST by release it. In addition, we think it is also beneficial to introduce a similar restriction in NAICS: MUST is only supported over the full carrier bandwidth.
Proposal 6: MUST is enabled or disabled through RRC with the restriction that MUST is only supported over the full carrier bandwidth.

Proposal:

The fundamental idea is that there is a common baseband processing resource pool shared by CA, MIMO and other advanced receiver features. Here, we will not discuss other advanced receiver features, but focus on MUST only. As discussed above, the table is expected to have the following properties:
a. 
The number of configured CCs should be a key factor. The more CCs configured, the more baseband processing resource is consumed already.
b.
The numbers of 4-layer CCs out of the configured CCs should be a key factor. Baseband processing resource required for a 4-layer CC is different from that required by a 2-layer CC, with or without MUST supporting.
c.
Separate indications of MUST supporting on 4-layer CC and 2-layer CC. Additionally supporting MUST on a 4-layer CC requires higher incremental complexity than additionally supporting MUST on a 2-layer CC. 

d.
An effective way to reduce the large overhead of exhausting all combinations of {# of supported CC, bandwidth within each supported CC, # of MIMO layers}. 
Our proposal of the signaling structure is provided in Table 2. Given the total number of configured CCs and the number of 4-layer CCs, UE reports the MUST-supported 4-layer CC number and the MUST-supported 2-layer CC number. To avoid enumerating all combinations of {# of supported CC, bandwidth within each supported CC, # of MIMO layers}, the maximum aggregated PRBs are reported. 
Table 2. Proposal of signaling MUST capability reporting
	# of CCs configured 
	# of 4-layer CCs 
	Max # of 4-layer CC where MUST can be supported
	Max # of aggregated PRBs in 4-layer CC where MUST can be supported simultaneously 
	Max # of 2-layer CC where MUST can be supported
	Max # of aggregated PRBs in 2-layer CC where MUST can be supported simultaneously

	1
	0
	N/A
	N/A
	{0,1}
	{n0, n25, n50, …n100}

	
	1
	{0,1}
	{n0, n25, n50, …n100}
	N/A
	N/A

	2
	0
	N/A
	N/A
	{0,1,2}
	{n0, n25, n50, …n200}

	
	1
	{0,1}
	{n0, n25, n50, …n100}
	{0,1}
	{n0, n25, n50, …n100}

	
	2
	{0,1,2}
	{n0, n25, n50, …n200}
	N/A
	N/A

	3
	0
	N/A
	N/A
	{0,1,2,3}
	{n0, n25, n50, …n300}

	
	1
	{0,1}
	{n0, n25, n50, …n100}
	{0,1,2}
	{n0, n25, n50, …n200}

	
	2
	{0,1,2}
	{n0, n25, n50, …n200}
	{0,1}
	{n0, n25, n50, …n100}

	
	3
	{0,1,2,3}
	{n0, n25, n50, …n300}
	N/A
	N/A

	4
	0
	N/A
	N/A
	{0,1,2,3,4}
	{n0, n25, n50, …n400}

	
	1
	{0,1}
	{n0, n25, n50, …n100}
	{0,1,2,3}
	{n0, n25, n50, …n300}

	
	2
	{0,1,2}
	{n0, n25, n50, …n200}
	{0,1,2}
	{n0, n25, n50, …n200}

	
	3
	{0,1,2,3}
	{n0, n25, n50, …n300}
	{0,1}
	{n0, n25, n50, …n100}

	
	4
	{0,1,2,3,4}
	{n0, n25, n50, …n400}
	N/A
	N/A

	5
	0
	N/A
	N/A
	{0,1,2,3,4,5}
	{n0, n25, n50, …n500}

	
	1
	{0,1}
	{n0, n25, n50, …n100}
	{0,1,2,3,4}
	{n0, n25, n50, …n400}

	
	2
	{0,1,2}
	{n0, n25, n50, …n200}
	{0,1,2,3}
	{n0, n25, n50, …n300}

	
	3
	{0,1,2,3}
	{n0, n25, n50, …n300}
	{0,1,2}
	{n0, n25, n50, …n200}

	
	4
	{0,1,2,3,4}
	{n0, n25, n50, …n400}
	{0,1}
	{n0, n25, n50, …n100}

	
	5
	{0,1,2,3,4,5}
	{n0, n25, n50, …n500}
	N/A
	N/A


If Table 2 is agreed, then RAN2 can directly implement the corresponding RRC signaling for MUST capability reporting. In the reply LS, the table can be added to provide RAN2 a clear view on the signaling structure and reduce the misunderstanding among different WGs. 
Proposal 7: Consider Table 2 for the structure of MUST capability reporting. Add Table 2 in reply LS to provide RAN2 a clear guide for specifying corresponding signalling. 
4
Summary 
In this contribution, we discussed MUST capability signalling. We have the following observations and proposals:
Observation 1: In addition to the number of supported carriers, the number of configured CCs is also a key baseband parameter that affects the support of MUST.
Proposal 1: all MUST features 7-1, 7-2, 7-3, 7-4 and 7-5 are dependent only on baseband capability and not RF capability.

Proposal 2: it is better for RAN4 to come out a clear structure/table of the signaling. Then RAN2 can simply implement the signaling based on the structure/table. 

Proposal 3: Handle MUST reply LS alone in this meeting, if no consensus on combining with other features in the reply LS is reached.

Proposal 4: Five independent tables with the same structure to be indicated by MUST feature groups 7-1, 7-2, 7-3, 7-4 and 7-5.

Proposal 5: UE first reports a table of a feature group to network. When CA/MIMO condition changes, the table provides rules on how UE should change its supporting on that feature group.

Proposal 6: MUST is enabled or disabled through RRC with the restriction that MUST is only supported over the full carrier bandwidth.

Proposal 7: Consider Table 2 for the structure of MUST capability reporting. Add Table 2 in reply LS to provide RAN2 a clear guide for specifying corresponding signalling. 

Table 2. Proposal of signaling MUST capability reporting

	# of CCs configured 
	# of 4-layer CCs 
	Max # of 4-layer CC where MUST can be supported
	Max # of aggregated PRBs in 4-layer CC where MUST can be supported simultaneously 
	Max # of 2-layer CC where MUST can be supported
	Max # of aggregated PRBs in 2-layer CC where MUST can be supported simultaneously

	1
	0
	N/A
	N/A
	{0,1}
	{n0, n25, n50, …n100}

	
	1
	{0,1}
	{n0, n25, n50, …n100}
	N/A
	N/A

	2
	0
	N/A
	N/A
	{0,1,2}
	{n0, n25, n50, …n200}

	
	1
	{0,1}
	{n0, n25, n50, …n100}
	{0,1}
	{n0, n25, n50, …n100}

	
	2
	{0,1,2}
	{n0, n25, n50, …n200}
	N/A
	N/A

	3
	0
	N/A
	N/A
	{0,1,2,3}
	{n0, n25, n50, …n300}

	
	1
	{0,1}
	{n0, n25, n50, …n100}
	{0,1,2}
	{n0, n25, n50, …n200}

	
	2
	{0,1,2}
	{n0, n25, n50, …n200}
	{0,1}
	{n0, n25, n50, …n100}

	
	3
	{0,1,2,3}
	{n0, n25, n50, …n300}
	N/A
	N/A

	4
	0
	N/A
	N/A
	{0,1,2,3,4}
	{n0, n25, n50, …n400}

	
	1
	{0,1}
	{n0, n25, n50, …n100}
	{0,1,2,3}
	{n0, n25, n50, …n300}

	
	2
	{0,1,2}
	{n0, n25, n50, …n200}
	{0,1,2}
	{n0, n25, n50, …n200}

	
	3
	{0,1,2,3}
	{n0, n25, n50, …n300}
	{0,1}
	{n0, n25, n50, …n100}

	
	4
	{0,1,2,3,4}
	{n0, n25, n50, …n400}
	N/A
	N/A

	5
	0
	N/A
	N/A
	{0,1,2,3,4,5}
	{n0, n25, n50, …n500}

	
	1
	{0,1}
	{n0, n25, n50, …n100}
	{0,1,2,3,4}
	{n0, n25, n50, …n400}

	
	2
	{0,1,2}
	{n0, n25, n50, …n200}
	{0,1,2,3}
	{n0, n25, n50, …n300}

	
	3
	{0,1,2,3}
	{n0, n25, n50, …n300}
	{0,1,2}
	{n0, n25, n50, …n200}

	
	4
	{0,1,2,3,4}
	{n0, n25, n50, …n400}
	{0,1}
	{n0, n25, n50, …n100}

	
	5
	{0,1,2,3,4,5}
	{n0, n25, n50, …n500}
	N/A
	N/A
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